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15 THOUSANDTHS OF A SECOND 
IS A VERY LONG TIME 


It’s much faster than you can wink an eye, yet time enough for 
Bell Laboratories’ new high-speed switching terminal to transfer 
your voice to another channel while you are talking by telephone. 


_ The new terminal—recently introduced on the transatlantic 
cable—uses the idle time in the conversations of talkers on a group 
of channels to provide paths for other talkers. This time-sharing 
technique, called Time Assignment Speech Interpolation, permits 
the sending of 72 simultaneous phone conversations over this deep- 
sea system where only 36 could be sent before. 


-TASI takes advantage of the fact that in a normal telephone 
conversation you actually talk less than half the time. You do not 
talk when you are listening, and even when you do talk there are 
pauses between sentences, words, and syllables. When there are 
more talkers than channels, TASI puts this idle time to use. 


Scanning each circuit thousands of times a second, TASI in- 
stantly notices when you aren’t talking, then quickly switches in 
someone who is. TASI also notices when you resume talking, im- 
mediately finds a channel not in use that moment and switches you 
to it. Your voice may be switched many times during a single con- 
versation in a time too fast—about 15 milliseconds—for your ear to 

_ perceive, 


The TASI switching terminal was rendered feasible by the 
transistor —an invention of Bell Telephone Laboratories. More than 
16,000 transistors are employed to achieve the compact, dependable, 
high-speed circuitry required. TASI is another example of how Bell 
Laboratories works to keep your telephone service the world’s finest. 
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Int this age of missiles, space ships and rocke 
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INTERNATIONAL 
MODEL PR-2 
REFRIGERATED 
CENTRIFUGE 


... first choice for 
blood fractionations and 
similar low temperature 
separations. 


HERE'S WHY MOST LABORATORY 
DIRECTORS SPECIFY THE INTERNATIONAL PR-2 
FOR LOW-TEMPERATURE SEPARATION 


... It offers positive temperature control with wide-range ver- 
satility for separations between —20° and +-10C. 

The temperature you set on the control panel is automatically 
held within +1°C. In fact, material temperature can be main- 
tained at 0°C indefinitely even at speeds up to 19,000 rpm... 
without subcooling rotor or chamber! 

28 INTERCHANGEABLE HEADS .. . horizontal, angle, high- 
speed, high-capacity and shaker . . . provide accessory combi- 
nations to meet virtually all laboratory needs. 

WIDE CAPACITY RANGE .. . from 4 liters down to 7 ml... . 
is unmatched in the refrigerated centrifuge class. 
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For deeper knowledge of our earth 
and nearby space, the moon and planets, 
interplanetary space and distant galaxies... 


NASA introduces the new 


Space Flight Center 


The Goddard Space Flight Center has just occupied an__- 
ultra-modern research complex situated on 550 acres of 
rolling parkland in Greenbelt, Maryland, a residential 
suburb of Washington, D.C. Here, many of our scientists 
and engineers work to advance space science and 
technology through a broad program of theoretical study, 
while others design, develop and construct scientific 
payloads for space vehicles and supervise their 
launchings. Our technical staff is also concerned with 

the analysis of space data obtained through Goddard’s 
world-wide tracking and communications network, 

the nation’s center for such activity. 


With Tiros, Echo, Pioneers IV and V, Explorer VII, and 
Project Mercury, Goddard has already written scientific 
history. Technical men who wish to work in the van of 
progress are invited to join Goddard or any of the 

other NASA research centers listed below. Address your 
inquiry to the Personnel Director, 


National Aeronautics and Space Administration 


NASA Goddard Space Flight Center, Greenbelt, Md. e NASA Flight Research Center, Edwards, Calif. 
WASA Georgé C. Marshall Space Flight Center, Huntsville, Ala. e NASA Wallops Station, Wallops Island, Va. 
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Who Calls the Tune? 


One of the most effective ways for scientists to exchange information 
and keep abreast of new developments is by way of scientific meetings. 
International scientific meetings are of especial importance and pose 
peculiar difficulties because of national policies that interfere with the 
free movement of scientists from one country to another. Foreign scien- 
tists sometimes have trouble getting visas to come to this country, and 
sometimes they find it impossible. This is one problem, but it is not the 
only one. Some of our scientists—government scientists—find them- 
selves subject to a special ruling that limits their freedom to attend 
meetings abroad. This special limitation applies to international meetings 
that will be attended by scientists from countries not recognized diplo- 
matically by the United States. Before a government scientist can at- 
tend such a meeting as a participant or at government expense, the State 
Department must be satisfied that no scientist from any nonrecognized 
country will be present. If any scientist from a nonrecognized country 
plans to attend the meeting, then our government scientists may not go 
unless they pay their own way. Even if they do pay their own way they 
may not deliver a paper at the meeting. 

The State Department justification for the policy is this: if scientists 
employed by the government should attend meetings along with scien- 
tists from, for example, East Germany or Communist China, our policy 
of nonrecognition would be weakened. The supporting argument is that 
nonrecognized countries would make the propaganda claim that our 
scientists are government Officials and that consequently their attend- 
ance at meetings with representatives from these countries constitutes 
de facto recognition. 

Whatever the merit of the diplomatic issue, it ought to be weighed 
against the losses that the ruling entails. It is not the individual govern- 
ment scientist alone who loses; the agency that assigns him to attend 
the meeting is acting in the national interest, and that also suffers. Do 
we stand to lose more than we gain by our policy? In one way we 
clearly do. By the simple expedient of sending a representative to a 
meeting, a nonrecognized country can block the attendance of our gov- 
ernment scientists. We thus allow our participation to be governed by 
these countries rather than by our own national interest. 

Another objection to the argument in support of the policy is that 
even though the scientists in question do work for our government, they 
do not represent us diplomatically. Thus the presence of government 
scientists at a meeting of the kind being discussed cannot reasonably be 
construed—despite the State Department’s apprehensions—as a step 
toward recognition. The International Council of Scientific Unions in 
1958 passed a resolution affirming the right of scientists to participate 
in international scientific activity “without regard to race, religion, or 
political philosophy” and added that such participation “has no implica- 
tions with respect to recognition of the government of the country or 
territory concerned.” In April 1960 the Governing Board of the National 
Academy of Sciences—National Research Council endorsed that resolu- 
tion. 

The next step is up to the State Department—G.DuS. 
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Since its introduction six years ago, the 

Tri-Carb® Liquid Scintillation Counting 

Method has become the leading method for 

the radioassay of samples containing Tritium, 

Carbon-14, Sulfur-35 and other alpha- and 

ke d ] beta-emitters. More samples of Tritium and 
Carbon-14 are now being counted in the 

ac ar Tri-Carb Spectrometer than in any other 
instrument. Look around—with hundreds of 


TRI-CARB installations throughout the world, there is 
a Tri-Carb Spectrometer near you. 

The Tri-Carb Method has been developing 

LIQUID SCINTILLATION continually—both by new sample preparation 

SPECTROMETERS techniques and by improvements in instru- 


mentation. And now the latest advance is 
transistorization. 

Greater reliability is one of the principal 
advantages gained by transistorizing the Tri- 
TRANSISTORIZED Carb Spectrometer. Both size and weight 
of the electronics have been reduced. Power 
consumption is appreciably lower and much 
cooler operation is achieved. Line voltage 
regulation and over-all stability have been 
improved significantly by the transition to 
solid state electronics. 

In gaining these advantages no compromise 
has been made in operating performance. 
Specific figures showing the excellent count- 
ing efficiencies with low backgrounds that are 
obtainable under various conditions and with 
many types of samples are reported in the 
literature by numerous Tri-Carb users. Simi- 
lar performance is routinely achieved with 
the new transistorized design. 

Other new developments are broadening 
the scope of liquid scintillation counting. 
Improved sample preparation techniques 
now make this the method of choice for assay- 
ing almost every type of sample material— 
proteins, carbon dioxide, tissue, lipids, 
tritiated water, completely insoluble materi- 
als, etc. Special accessory devices have been 
designed to adapt all Tri-Carb Spectrometers, 
old and new, to continuous liquid flow moni- 
toring in applications such as column chro- 
matography, amino acid analysis, and tracer 
or safety studies in plant or field streams. 
Other new Packard accessory instruments are 
also available for adapting all Tri-Carb Spec- 

ae trometers for radioassay of the effluent from 

gas chromatographs by both continuous flow 

and fraction collection methods. 

Transistorized Tri-Carb Spectrometers are 

i} available now—and at no increase in price 

over the older models. They are in production 

and we can make prompt delivery. To receive 

complete information on new transistorized 

Tri-Carb Spectrometers and new accessory 

equipment as well as general information on 

current sample preparation techniques, write 
or telephone. 


are now 


Inbtvament Company, Ine. 


P.O.Box 428-A + LaGrange, Illinois + Phone HUnter 5-6330_ 


ATLANTA BOSTON LOS ANGELES NEW YORK PHILADELPHIA 


PITTSBURGH SAN FRANCISCO WASHINGTON, D.C. © ZURICH, SWITZ. 


864 SCIENCE, VOL. 132 


CUI 


Th 


I 
4 mai 
7 the 
4 | 
cat: 
q wh 
4 ing 
: 4 
thir 
is 
> fini 
vie 
len 
un 
ha 
bey 
an 
he: 
is | 
Ca! 
for 
Mi 
Ap 


11A 
TZ. 


L. 132 


30 September 1960, Volume 132, Number 3431 


CURRENT PROBLEMS IN RESEARCH 


Random Processes in Control 


and Communications 


The application of some very pure mathematics to some 
very practical problems has led to new insights. 


In the last 15 years or so, some re- 
markable changes have taken place in 
the kind of mathematics used in appli- 
cations and also in the applications 
which utilize mathematics. A field in 
which this change is particularly strik- 
ing is that of communications and auto- 
matic control. The upheaval in the 
thinking of the engineers in this field 
is profound and apparently far from 
finished. They have had to adopt a new 
viewpoint and to learn to use a new set 
of mathematical tools. In return, they 
have succeeded in solving new prob- 
lems and in finding new and more 
elegant solutions for some old prob- 
lems. In some cases, areas have been 
uncovered whose existence was unsus- 
pected until a short time ago, and new 
realizations have been obtained which 
have excited attention and interest well 
beyond the immediate field of control 
and communications. 

An interesting feature of this up- 
heaval is that it draws heavily on what 
is often called “pure” mathematics, and 
sometimes called, also, “abstract” or 
“modern” or even “useless.” In any 
case, this is certainly the kind of mathe- 
matics which was developed originally 
for its own intrinsic interest. Nothing 


The author is affiliated with the Bell Telephone 
Laboratories, Murray Hill, N.J. This article is 
based on a paper presented 28 December 1959 
at a symposium on “Trends in the Application of 
Mathematics,” sponsored jointly by Section A_of 
the AAAS and the Society of Industrial and 
Applied Mathematics, at the Chicago meeting of 
the AAAS 
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was further from the minds of the 
people who created it than the idea 
that it might ever be applied in prac- 
tice, least of all to something as worldly 
and practical as communications and 
control engineering. 

This article is a brief, sketchy (and 
therefore highly inaccurate) story of 
how theory and application got together 
in this field and of what came of the 
alliance. 


The “Signal Space” 


An engineer in the control or com- 
munications field deals fundamentally 
with two concepts, one which he calls 
signals and another which he calls trans- 
ducers. The first are variable voltages, 
or currents, or similar physical quanti- 
ties, such as, for instance, the current in 
some wire in a home television set. The 
second are devices which change the 
character of signals. The television set 
as a whole is such a transducer, and a 
relatively simple one at that. A digital 
computer is another and much more 
complicated one. 

What must an engineer do who has 
decided to reform and to start dealing 
with his problems in the “new and 
modern” way? The first thing he should 
do is to go and see a mathematician 
and explain his problems. It will then 
invariably develop that an altogether 
exasperating language barrier exists be- 


SCIENCE 


tween the two. What, the mathematician 
will ask blankly, is a signal? The engi- 
neer will then go to the blackboard and 
begin rhapsodizing on the subject. 

He will say that signals are in a way 
both the raw materials and the finished 
products of his technology. He is used 
to visualizing them as plots of some 
quantity—voltage, say, versus time, as 
in Fig. la. Sometimes he thinks of 
them in a more stylized form, as what 
he calls a sampled signal. In this form, 
shown in Fig. 15, the signal voltage is 
specified only at certain instants of 
time, called the sampling instants. This 
is much simpler than the complete 
version of Fig. la and almost as good. 
In either version, the time marked 1 is 
the “present time” beyond which the 
signal has not yet progressed. The rest 
the engineer often calls the “past” or 
the “history” (and sometimes, some- 
what redundantly, the “past history”) 
of the signal. He usually visualizes a 
history as very long, with its beginning 
way back in dim and unremembered 
ages, so that it can for practical pur- 
poses be taken to be infinitely long. 

In some applications, the signal volt- 
age can assume only a discrete number 
of values, as opposed to the preceding 
example where any voltage was pos- 
sible. Such a signal the engineer calls 
“quantized,” and the allowed signal 
levels are the “quantum levels.” These 
levels can be labeled with numbers, or 
with letters, as, for instance, the signal 
in Fig. 2 (which employs a six-letter 
alphabet). 

The engineer has now explained his 
mental picture of a signal, and he rests 
his case. The mathematician has begun 
to see the outlines of the problem. He 
tells the engineer that he strongly sus- 
pects a signal to be a case of what he 
and his colleagues call a random (or 
stochastic) process. (Now it is the 
engineer’s turn to look blank.) The 
mathematician then calmly proceeds to 
give the engineer’s mental picture its 
first severe jar by telling him that he 
ought to visualize a signal as a point 
in an infinite-dimensional space. Now, 
the engineer vaguely remembers from 
his college days that spaces come in 
various dimensions, usually one- or two- 
or three-dimensional. Four-dimensional 
spaces are rare but sometimes fashion- 
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Fig. 1. (a) Plot of signal voltage versus time; (b) plot of a sampled signal, in which the 
signal voltage is specified only at certain instants of time. 


able, and n-dimensional ones are pos- 
sible if nearly inconceivable. Infinite- 
dimensional spaces, however, strike him 
as clearly preposterous. The mathe- 
matician, trying hard to hide his con- 
descension, reminds the engineer that 
the dimensionality of a space is always 
indicated by the number of coordinates 
needed to fix the location of a point in 
it. The engineer concedes. The history 
of a sampled signal trailing away into 
the dim dark past is specified (for all 
practical purposes) by infinitely many 
voltage samples. The engineer concedes 
again. Each one of these samples may 
be considered a coordinate; hence, the 
signal is specified by infinitely many 
coordinates and can be thought of as 


a point in an infinite-dimensional space. 
Q.E.D., concludes the mathematician. 
The engineer gives in. 

He does so reluctantly at first be- 
cause he knows only too well from 
bitter experience that infinities must be 
approached with the utmost tact and 
respect, and he feels decidedly uncom- 
fortable at first in his new “signal 
space.” But he is soon engaged by the 
exhilarating simplicity of it. Every sig- 
nal which can possibly appear in, for 
instance, a television receiver, westerns, 
commercials, dramas, whodunits, quiz 
shows, experts’ panels, puppet shows— 
each is reduced (perhaps quite appro- 
priately) to the insignificance of a point 
in a space. 
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Fig. 2. Plot of a “quantized” signal, in which a six-letter alphabet is used to label the 
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Probability Measures 


However, the picture so far proposed 
by the mathematician lacks some im- 
portant ingredients. One of its defects 
is precisely the relative insignificance of 
the various points of the signal space. 
For realism, the picture should allow 
for the fact that some kinds of signals 
tend to come up more often than others. 
Whodunits are more likely to appear 
than dramas, and westerns more likely 
than either. 

The mathematician has just the right 
remedy for this difficulty: he proceeds 
to cover the whole signal space, with 
calm disregard for its magnitude, with 
what he calls a “probability measure.” 
Like a tremendous blanket, this meas- 
ure covers every set of points in the 
space and assigns a certain weight to 
it—namely, the probability of its occur- 
rence. It assigns a definite probability 
to all westerns, and among these a 
definite, though smaller, probability to 
all psychological westerns, and a smaller 
one yet to all psychological westerns 
containing barroom brawls in which a 
chair is thrown through a great mirror. 

Probability measures come in many 
forms and textures. Some are nice and 
smooth, as blankets ought to be, but 
others are lumpy or full of holes (quan- 
tized signals, such as the one in Fig. 2, 
have measures that consist of nothing 
but lumps). There is one class of meas- 
ures, however, which are great favorites, 
partly because of their smoothness and 
partly because of several other engag- 
ing properties. These are the so-called 
“Gaussian” measures. They are straight- 
forward generalizations of the Gaussian, 
or normal, probability distribution 
which is widely used in statistics and 
which has the well-known bell shape 
shown in Fig. 3. In communications 
problems, this curve shows the proba- 
bility of occurrence of a single non- 
quantized signal voltage, plotted against 
that voltage itself. 

One can ask next what the joint 
Gaussian probability of occurrence of 
the voltages in two adjacent signal 
samples looks like, and the answer is, a 
two-dimensional bell shape like the one 
in Fig. 4. It, too, is a concept much 
used in statistics. The exact shape of 
the bell varies from case to case. Typi- 
cally, it is elliptical. It can be circular, 
however, as in Fig. 4, and this is a 
particularly useful case—namely, one 
in which the two adjacent signal volt- 
ages are statistically independent. 

One can now go on to three-dimen- 
sional bell shapes and four-dimensional 
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Fig. 3. Plot of the Gaussian probability distribution for a single nonquantized signal 


voltage. 


ones, and so on. The Gaussian proba- 
bility measure is, in a way, an infinite- 
dimensional bell shape. It, too, can be 
elliptical or circular, and in the latter 
case all signal voltages are statistically 
independent. Engineers have come to 
call this the “white” case (for a reason 
which would be hard to explain here 
and which is not very good anyway). 

Gaussian measures in general, and 
white ones in particular (Gaussian and 
otherwise), will figure prominently in 
our story. 


Borel Fields 


The idea of a probability measure 
usually fits rather nicely into the intui- 
tive notion an engineer has of a signal 
space, and there is usually little trouble 
in persuading him to adopt it. Little 
does he know that he has let himself 
be talked into an upheaval in his way 
of thinking. 

The cue he missed lies in the word 
set, which was slipped in unobtrusively 
at the start of the preceding section. 
As it happens, single points in signal 
spaces are usually quite uninteresting. 
A point is, for instance, a very long 
television program, specified to the 
minute detail of every one of its signal- 
voltage samples. Two such programs 
which are exact copies of each other 
except for a small difference in one of 
their signal voltages are two different 
points in signal space. It is clear that 
a single point is too insignificant an 
item to have any appreciable proba- 
bility of occurrence. It is only sets of 
many points that are worth talking 
about. 

As far as the engineer is concerned, 
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this means that he must learn to think 
in terms of point sets in signal space. 
This will be a new and possibly trau- 
matic experience for him. The mathe- 
matician will tell him that sets can be 
operated on by forming unions be- 
tween pairs of sets, and also intersec- 
tions, and that in fact not only pairs 
but finitely and infinitely many sets can 
be involved in these operations. 

The mathematician will further re- 
veal that he and his colleagues like to 
work with families of sets, which they 
call Borel fields. These families are so 


large to begin with that the forming of 
unions and intersections, no matter how 
often it is repeated, can never produce 
extrafamilial offspring. This is a safety 
precaution rather than some form of 
mathematical morality, for it allows the 


mathematician to perform set opera- 
tions ad infinitum without having to 
worry about straying outside the family. 

To a mathematician, it is the com- 
bination of the three concepts—the 
signal space, the probability measure, 
and the Borel field—which makes up 
what he calls a “random process.” Thus, 
if the measure is Gaussian, he will 
speak of a Gaussian random process, 
and if the sample voltages are statisti- 
cally independent, he will often call it 
a white random process. The engineer, 
by now totally overwhelmed by the 
flood of new concepts, can think of no 
reason for not doing the same. He now 
calls his signals random processes, and 
is proud of them. 

The feeling of comfort and together- 
ness, however, which pervades a mathe- 
matician when he is working in Borel 
fields usually fails to envelop the engi- 
neer. On the contrary, he finds Borel 
fields irritatingly useless and completely 
unmanageable. They have turned his 
neat signal space into a nightmare of 
blobs, called sets, which are continu- 
ously and uncontrollably splitting up 
and melting together again. The solid 
ground to which he is accustomed, and 
on which he is widely known to have 
both feet, has been replaced with some 
shifty quicksand-like material. Borel 
fields, he feels, may be all right for 
mathematicians but they definitely are 
not the stuff on which to build a 
technology. 

On closer inspection, however, they 
often reveal some surprising structure 
which is as permanent and firm as 
structures can be. This comes from the 


Fig. 4. Plot of the joint Gaussian probability distribution for nonquantized signal volt- 


ages in two adjacent signal samples. 
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fact that a Borel field consists of sets 
which consist of histories which, in 
turn, consist of many samples. It is 
these samples which are in the end re- 
sponsible for the structure. Every his- 
tory contains a most recent sample, 
which is the most recent event in the 
past of that particular signal. Events 
such as this one, skimmed collectively 
from all signals in the space, form a 
layer of sets which lies across the Borel 
field of all histories like a thin sediment 
deposited by time on a huge bed of 
earlier ones. A similar layer, just be- 
neath the most recent one, corresponds 
to the sample immediately prior to the 
most recent one; and so on. What re- 
sults from this is a distinct stratification 
of the Borel field into infinitely many 
layers, one layer per sample of history. 

The mathematician, or engineer, can 
now engage in what can only be called 
“mathematical archeology.” An arche- 
ologist digging into the site of some 
ancient dwelling place often removes 
layer after layer of successive cultures, 
each layer telling through its artifacts 
and ashes some of the history of the 
locale. Similarly, the mathematician 
can peel layer after layer from his 
Borel fields and work deeper and deep- 
er into the history buried in the signal 
space. Archeologist and mathematician 
alike must work carefully to be sure 
not to disturb an earlier layer when- 
ever they remove a later one. To 
the mathematician, this means that he 
must make sure of the statistical inde- 
pendence of a layer before he dare re- 
move it. Other than that, however, he 
has few troubles. He need not worry 
about sandstorms, theft, or local revolu- 
tions. He can dig without obstacle 
further and further into the past, until 
in the limit he comes to the beginning 
of time. 

At this point, however, there is an 
awesome surprise awaiting him. He ex- 
pects, no doubt, that when he reaches 
it, history will be exhausted, the Borel 
fields will be empty. But this need not 
be so. It can happen, and often does 
happen, that there remains a residual 
Borel field, remote and unapproachable, 
which has some almost apocalyptic 
properties. It is quite unlike the layers 
that he has removed previously. The 
signals which issue from it are perfectly 
predictable. If they ever existed at all, 
they continue to exist and evolve in 
a precise and foreordained fashion 
through all the layers of history up to 
the present and on into the future. 
Nothing that can happen in the course 
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of history can in any way affect them. 
Once sounded, they ring forever true. 
This prehistoric Borel field is often 
called the “remote past” of a random 
process. 


Transducers 


Engineer and mathematician have 
now come to see eye to eye on the sub- 
ject of signals, the raw materials and 
finished products of the technology. 
They must next get together on the 
machines that work on the materials. 
As we have said earlier, these are the 
transducers; they are the devices which 
convert one signal into another. 

A transducer, the engineer will ex- 
plain, has one signal going into it, 
called the input, and another one com- 
ing out of it, called the output. (Some- 
times there are more than one. of 
either.) Each possible input is a point 
in a signal space, which is now, under- 
standably, called the input space; the 
outputs are points in an output space. 

Many transducers have two outstand- 
ing properties. (i) They are “retro- 
spective” (also called “causal’’). That 
is, the present output cannot depend on 
the future of the input. This is quite an 
essential property. It says in effect that 
no physical device can respond to a 
stimulus that has yet to be applied. 
(ii) They are one-one, which means 
that every point (signal) in input space 
corresponds to one and only one point 
(signal) in output space. This is not 
really as essential a property as the 
first and is actually violated quite often 
in practice. 

To the mathematician, a transducer 
is a transformation and a rather special 
one at that. It transforms input space 
into output space and, in the process, 
transforms the probability measure and 
the Borel field of input histories into 
their counterparts for the output. He 
can truly say that much is knowh in 
the mathematical theory of transforma- 
tions, but he will also have to concede 
that much more could be known. 

Great favorites among engineers are 
the so-called linear transducers, more 
often referred to as “linear filters.” 
They are the easiest to design and the 
cheapest to build, relatively speaking, 
and the control and communications 
systems now in existence use them 
lavishly. Linear filters have the pleasant 
theoretical property that the sum of 
two input signals generates the sum of 
the corresponding output signals. This 


is called the superposition principle. It 
may not seem essential, but the fact 
is that it makes linear filters particu- 
larly easy to deal with. The standard 
procedure used by engineers for analyz- 
ing filters consists of resolving the in- 
put signal into many sine waves and 
tracing it through the filter, sine wave 
by sine wave. 

The mathematician’s equivalent to a 
linear filter is a linear transformation, 
obviously, and the mathematical theory 
of linear transformations has seen a 
vast amount of research, from some 
humble beginnings 200 years ago and 
more, up to some highly sophisticated 
and abstract work in recent decades. It 
is not overly surprising, therefore, that 
the first contact between the engineer 
and the mathematician took place in 
this area of random process theory. 


Wiener’s Prediction Theory 


The contact was established by a 
small booklet in yellow paper cover 
(promptly dubbed the “Yellow Peril” 
by engineers), written in 1942 by N. 
Wiener. He was the first mathematician 
to diagnose some of the engineer's 
problems, or at any rate the first one 
to suggest a treatment along the lines 
I have described above. He prescribed 
a healthy dose of signal spaces, com- 
plete with Borel fields and probability 
measures, and some gentle applications 
of transformations. From among the 
latter he chose the engineer’s favorite, 
the linear filters. Under these circum- 
stances, as he further pointed out, the 
most appropriate probability measure 
is the Gaussian, which I mentioned 
above. The reason for this lies essen- 
tially in one fact. It so happens that 
linear filters preserve the Gaussian char- 
acter of a measure: if it is Gaussian 
Over input space then it will be Gauss- 
ian also over output space. 

To the engineer, this would have been 
a poor argument indeed, and it would 
never have persuaded him to abandon 
his sine wave approach to linear-filter 
problems for the statistical one. But 
Wiener further showed him that a 
Gaussian random process could be 
specified by a quantity (the so-called 
“spectral density”) which is very closely 
related to his cherished sine waves. 
What suspicion remained in the engi- 
neer’s mind was swept away by a final 
demonstration—namely, that he could 
calculate by a very simple formula the 
spectral density of the output of a 
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linear filter from that of the input. In 
other words, the engineer was shown 
that, by adopting Wiener’s approach, 
he could do many of the things he had 
been doing before and that he could 
do them in a conceptually much more 
satisfying way. 

Beyond that, however, the new the- 
ory provided him with some novel and 
most revealing insights into the founda- 
tions of his technology. It showed him 
that there are some things which he can 
hope to accomplish with linear filters, 
disregarding perhaps certain practical 
complications, but that there are others 
he cannot under any circumstances 
hope to achieve. 

He cannot, for instance, hope to ever 
build a filter which will generate an 
output with a remote past from an 
input that lacks one. In order to do 
that he would have to construct a filter 
that anticipates the future (that is, one 
which violates the basic requirement of 
causality), and this is no more pos- 
sible than building a perpetual-motion 
machine. 

Beyond generating remote pasts, 
however, there is little that linear filters 
cannot do to Gaussian random proc- 
esses. In fact, one of the central theo- 
tems is that, given any two such 
processes (both without remote pasts), 
one can always find a linear filter which 
will accept one of them as input and 
generate the other as output, and vice 
versa. One can put this slightly dif- 
ferently by saying that all Gaussian 
processes form a class whose members 
are freely transformable into each other 
by linear filters. It is then customary 
to let one member of the class repre- 
sent all others, and a particularly dis- 
tinguished senior member is picked 
for the purpose—namely, a _ white 
Gaussian random process. 

The main objective of Wiener’s the- 
ory was the problem of predicting the 
future of a Gaussian random process 
from knowledge of its past. Wiener 
showed first of all that the best pre- 
dictions could always be made by a 
linear filter. It is useless to try to im- 
prove on that by any devices, no matter 
how ingeniously they are contrived— 
and this includes tea leaves, gypsy 
women, and astrologers. A properly 
designed linear filter simply cannot be 
beaten for quality and consistency of 
performance when it comes to predict- 
ing Gaussian processes. 


the process that is to be predicted and 
generates as output the best guess of 
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The predicting filter accepts as input. 


what the future will be. The guess will 
usually be in error by some amount, 
but on the average it will be as good as 
or better than any other forecasting 
procedure for Gaussian processes. In 
one case, however, the predicting filter 
will be dead right every time—namely, 
when the process originates completely 
in the remote past. For in this case, as 
we have said before, the process is 
perfectly predictable to begin with. 

In either case, the filter goes about 
its guessing business in such a clever 
way that gypsy women might have trou- 
ble imitating it. It first transforms the 
input into a white process, the senior 
member of the class—and this is al- 
ways possible, as we know. In the 
white form, a novel feature appears: 
part of the original input turns out to 
be perfectly predictable and part of it 
completely unpredictable. The predict- 
ing filter now proceeds with cold logic. 
It bases its forecast on the perfectly 
predictable part exclusively and ignores 
the rest. Since the rest is totally un- 
predictable, it is useless anyway, and 
the prediction error caused by its omis- 
sion is unavoidable. 

All this is concerned with Gaussian 
processes and linear filters only. The 
extent to which Wiener’s theorems 
apply to more general processes and 
transducers is not known. Many people 
suspect that most of them carry over, 
but no satisfactory theory exists which 
demonstrates this. 


Shannon’s Information Theory 


There is, however, a handsome body 
of theory which holds for very general 
processes and transducers. This is C. E. 
Shannon’s information theory. 

The questions which led to the devel- 
opment of information theory are dif- 
ferent from those dealt with by Wiener. 
One starts out by assuming again that 
a certain type of signal is given, or, 
more precisely, a random process com- 
plete with signal space, probability 
measure, and Borel field. It need not 
be Gaussian. In fact, it will be con- 
venient in what follows to assume that 
the signal is a quantized one, looking, 
for example, like the one in Fig. 2. It 
is true, as I mentioned above, that this 
forces on us an extremely lumpy proba- 
bility measure and some attendant dis- 
comfort, but it does make explanations 
here a little easier. 

Information theory was developed to 
answer questions such as these: Is it 


possible to define some quantity, some 
single number, which would measure 
somehow the information conveyed on 
the average per sample of a signal? 
What properties should this quantity 
have and in what units should it be 
measured? How is it affected when the 
signal is passed through a transducer? 
How is it affected if it is passed through 
a communications channel with noise— 
that is, a channel in which the signal 
is distorted, mutilated, or drowned in 
interference? Are there ways of com- 
bating the effect of noise? 

The answer to the first question is 
affirmative. Intuitively we know that 
the information conveyed by a signal 
lies in its surprise value. The message 
“Fire!” in a movie house is more in- 
formative than “Coming Attractions.” 
The more surprised one is over receiv- 
ing a particular signal, the greater, one 
can say, is the amount of information 
conveyed by it. On the other hand, 
the more certain the future value of a 
signal sample is, on the basis of the 
history that has preceded it, the less 
surprising it is, and the less information 
it conveys when it actually arrives. A 
signal, for instance, with seven quan- 
tum levels labeled “Monday,” “Tues- 
day,” and so on, conveys no informa- 
tion at all when it tells us that today 
is Tuesday if we knew already that 
yesterday was Monday. 

These intuitive notions of the infor- 
mation content of a signal can be put 
in a more definite form. We now sur- 
mise that a signal will be most informa- 
tive if, for one thing, all of its samples 
are statistically independent or, to use 
our present terminology, if it is white. 
The known history will then in no way 
compromise the surprise value of the 
sample scheduled to arrive next. For 
another, the probability of occurrence 
for the quantum levels of an individual 
sample should be as nearly equal as 
possible. On the -other hand, if the 
history of a signal completely deter- 
mines its future, if nothing can possibly 
happen that could not be anticipated, or 
in still other words, if the signal is 
perfectly predictable, then it conveys 
no information at all. 

Surprisingly, these two requirements 
(the conditions under which it should 
be a maximum and those under which 
it should be zero), plus a third one of 
somewhat more involved nature, suffice 
to define uniquely a quantity which 
measures the mean amount of informa- 
tion per sample of a random process. 
As it happens, it is almost exactly what 
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physicists since the days of Boltzmann 
have been calling the “entropy.” 

The main achievement of informa- 
tion theory, however, lies not in merely 
defining a quantity of information but 
in showing that it has some most re- 
markable properties. To begin with, 
the theory shows that this quantity 
remains unaffected when a signal is 
passed through a transducer. This is 
most satisfying because one feels intui- 
tively that a one-to-one transformation, 
no matter what it does to a signal, 
should not affect the information con- 
tent. 

The second important result is this: 
given two random processes (signals) 
with the same information content per 
sample, it is always possible to find a 
transducer which transforms one signal 
into the other. 

The practical difficulties of construct- 
ing the necessary transducer may be 
quite formidable. But it is clear that, 
in principle at least, all signals with 
equal information content form a class 
whose members are freely negotiable 
among themselves through the use of 
suitable transducers. 

This theorem is very reminiscent of 
one of Wiener’s which I have men- 
tioned, and the similarity goes in fact 
even further. For, among all these 
negotiable class members, there is one 
particularly distinguished senior mem- 
ber, and this is the one which is white 
and which has quantum levels of equal 
probability of occurrence. This is the 
one which, as I said above, carries the 
most information per sample. We can 
now say, further, that it is the one 
member in the class which can get 
along with the fewest samples per sec- 
ond or with the fewest quantum levels 
per sample. It is the most efficient 
member of the class. Where the others 
are “redundant,” in the engineer’s 
vernacular, this one wastes no words 
and gives its messages in the most 
laconic and abrupt of telegraphic styles. 

The usefulness of this class concept 
lies in the following fact: Many com- 
munications channels, in practice, can 
accept only certain kinds of signals, and 
only at certain limited sample rates. In 
other words, a channel can be char- 
acterized by the kind of signal which 


it is designed to carry and by the 
sample rate which it can accept. How- 
ever, along with this design signal the 
channel can be forced to carry any 
other signal, provided only that it be- 
longs to the same class as the design 
signal. For, as we now know, any 
signal from this class can be freely 
transformed (or “encoded,” as engi- 
neers are apt to say) into the design 
signal by a suitable transducer. This 
assertion is the essence of one of Shan- 
non’s famous coding theorems—namely, 
the one for the so-called noiseless 
channel. 

Another, even more famous, coding 
theorem applies to noisy channels— 
that is, to channels in which the signal 
is distorted by some interference. It 
stands to reason that in such channels 
some information will always be lost 
because of the interfering noise, and 
this is actually so. One can, and in 
fact does, express the signal degrada- 
tion by a single number—namely the 
loss of information content, and calls it 
the “equivocation” due to noise. 

It is tempting at this point to specu- 
late as follows. Since a noisy channel 
will inevitably lead to some loss of in- 
formation, some equivocation, in the 
signal, is it perhaps possible to “enrich” 
the signal artificially prior to its trans- 
mission? In other words, can one 
somehow raise its initial information 
content by injecting into it some extra 
but irrelevant information and then let 
the channel degrade it? It is conceiv- 
able that the artificially enriched signal 
would release to the channel only that 
information which it did not need in 
the first place and thus would emerge 
on the other end as clean and undefiled 
as it started out. Such a scheme is in 
fact possible, and this is the assertion 
of the second coding theorem. 

Unfortunately, it is easier to say that 
this can be done than to find how to 
do it. The trouble lies with the prepa- 
ration of the signal prior to transmis- 
sion. The problem is not only one of 
how much extra information to inject 
into the signal prior to its ordeal by 
transmission. What matters more is 
that the enriched signal must be forti- 
fied against all possible adversities 
which it may encounter during its pas- 


sage through the channel. This is some- 
what like the speeches of highly placed 
government officials which ought to be 
so written that they cannot be misunder- 
stood, no matter how far out of con- 
text they are quoted. These problems 
are very difficult, by all indications, 
and no altogether satisfactory solutions 
have been found for them, either by 
mathematicians working in information 
theory or by ghost writers working on 
official speeches. 


Conclusion 


Our story started out with a main 
character, the engineer, in search of a 
solution to his problems. In the first 
few chapters he played a prominent, if 
somewhat helpless, role, but toward the 
end he faded into the background and 
left the stage to the mathematician. 
This is no accident but a part of the 
story’s plot. The engineer has in fact 
returned to his laboratory. He is now 
engaged in overcoming the countless 
vicissitudes and irritating complications 
which must be overcome whenever the 
grand and sweeping theories of the 
mathematician are reduced to practice. 
In the process, he has had to develop 
many variations on the original theo- 
ries, some of them similar to their pro- 
totypes but others having only the 
vaguest of resemblances. His patient 
(and largely anonymous) labor, how- 
ever, has found the most varied realiza- 
tions, in automatic pilots and guidance 
systems, in oil refineries and nuclear 
reactors, in radars and navigation sys- 
tems, in telephone and television, and 
in many others. 

The engineer has been joined in his 
labors by some unexpected and un- 
precedented company. The theories 
which had been precipitated mainly by 
his problems have attracted the interest 
and activities of physicists, biologists, 
neurologists, psychologists, and linguists, 
not to even mention mathematicians. 
In all these fields the theories have 
raised at least as many questions as 
they have answered, and there are now, 
it seems, more frontiers that are wait- 
ing to be conquered than there are con- 
querors. 
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Food and Agriculture 


Organization Completes 15 Years 


An international organization helps to bridge the gap 
between agricultural science and practice. 


On 16 October 1945, representatives 
of 34 nations signed the constitution of 
the Food and Agriculture Organization 
of the United Nations (FAO) in Que- 
bec, Canada. Thus, these and other na- 
tions who have since adhered to the 
constitution of FAO stated their de- 
termination to take separate and col- 
lective action to raise levels of nutrition 
and standards of living of their peoples, 
to secure improvements in the efficiency 
of production and distribution of food 
and agricultural products, to better the 
conditions of rural populations, and by 
these means to contribute toward an ex- 
panding world economy. 

Actually, FAO had its beginning in 
a 44-nation Conference on Food and 
Agriculture at Hot Springs, Virginia, 
in May 1943. This wartime conference, 
convened on the initiative of President 
Franklin D. Roosevelt, set up an interim 
commission with headquarters in Wash- 
ington, D.C., which functioned until 
FAO was brought formally into exist- 
ence at the first session of the FAO 
Conference in Quebec, nearly two and 
a half years later. In addition to the 
34 nations which adhered to the con- 
stitution at the beginning of the Quebec 
conference, eight other governments 
had accepted the constitution or had 
been admitted to membership by the 
close of that conference, bringing the 
membership to 42 nations. 

Membership in the organization has 
now increased to 79. In addition, three 
other countries have been admitted to 
membership pending their achievement 
of full independence and their accept- 
ance of the FAO constitution. Also, five 
colonies and territories have been grant- 
ed associate membership status. 


So the child that was conceived in 


wartime adversity and was over two 
30 SEPTEMBER 1960 


Ralph W. Phillips 


years a-borning is now a rather well- 
muscled teen-age youth striving to serve 
the food and agricultural interests of a 
large portion of the nations of the 
world. Perhaps the 15th anniversary is 
an appropriate time to take stock of 
the youth’s development and of his ca- 
pacity to deal with the tasks ahead. 


Role of the Organization 


The terms food and agriculture in 
the FAO name cover the broad fields of 
agriculture, fisheries, forestry, and nu- 
trition and the agricultural, economic, 
and statistical problems related to these 
fields. Within these fields, it is the task 
of FAO to assist governments in the 
development of their programs and 
projects aimed at improving agricultural 
production, processing, and distribu- 
tion. Thus, FAO is in a sense an inter- 
national extension service with govern- 
ments as the recipients of its services. 
Rural peoples, and consumers generally, 
benefit as information and the advan- 
tages of improved services become avail- 
able to them. 

This does not mean that FAO is con- 
cerned only with the applications of 
science. It is also concerned with the 
development of research in all its fields 
of endeavor; with the establishment 
and strengthening of the organizational 
or administrative structure of research, 
extension, and other government serv- 
ices to agriculture; and with the eco- 
nomic and social structure wherein the 
results of research may be applied with 
maximum benefit and upon which more 
adequate support for research, exten- 
sion, credit, and other essential services 
can be built. But, FAO is not the doer 
of research, or the conveyer of new 


knowledge to farmers through exten- 
sion, or the provider of credit, and so 
on. Its task is to assist governments in 
doing these things or in improving their 
ways of doing them. 

The task is large and diverse. Coun- 
tries vary widely in the kinds of service 
they need, or can use, from an interna- 
tional organization. This variation is, to 
a considerable degree, a reflection of 
their diverse stages of development. 

The agricultural revolution in the 
more highly developed countries during 
the last few decades has resulted in 
more efficient farming and greater pro- 
ductivity per person engaged in agri- 
culture. In the United States, for ex- 
ample, the percentage of the total popu- 
lation represented by the farm popula- 
tion has dropped steadily from 34.9 
percent in 1910 to 12 percent in 1959. 
While the capacity to produce has in- 
creased enormously in these countries, 
the underdeveloped countries have been 
barely able to keep food production 
abreast of exploding populations. There 
are many reasons for the vast gap be- 
tween these groups of countries which I 
cannot go into here; Paul Hoffman 
gives a dramatic summary of the re- 
sultant world economic situation in One 
Hundred Countries—One and One 
Quarter Billion People. 

As compared with an estimated an- 
nual per capita national income of 
$2075 in the United States, of $1450 
in Canada, and of an average of $875 
for the United Kingdom, Switzerland, 
Sweden, Norway, Denmark, and Aus- 
tria, there are 100 countries and terri- 
tories in which the income is less than 
$700. Among these 100 countries and 
territories there are 52 in which the 
average annual income is under $100. 
This latter group includes approximate- 
ly 70 percent of the world’s population. 
As Hoffman points out, some of the 
statistics for underdeveloped countries 
are only informed. guesses, and they 
probably tend to exaggerate the differ- 
ences between the poorer and the richer 
countries. But even when allowance has 
been made for this and other sources 
of exaggeration, there can be no doubt 
that the gap between many developed 
and underdeveloped countries is indeed 
wide. This gap has tended to grow 
wider in spite of the substantial efforts 
which have been made since World 
War II to assist the underdeveloped 
countries. 


The author is director of international organ- 
ization affairs, Foreign Agricultural Service, U.S. 
Department of Agriculture, Washington, D.C. 
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In this complex world picture, FAO 
has the task of serving all its member 
countries, from the least to the most 
highly developed. 

It follows that the underdeveloped 
countries have been interested in such 
matters as the technical improvements 
in agriculture that are necessary if pro- 
duction is to keep pace with population, 
and in the economic problems relating 
to markets for the export crops upon 
which they depend for foreign ex- 
change. Developed countries, on the 
other hand, have been interested more 
in problems of international trade; in 
problems of surplus production, partic- 
ularly in cases where troublesome sur- 
pluses are accumulating; in the ways 
whereby an international organization 
can assist in the exchange of informa- 
tion; and in the extent to which FAO 
can serve as an effective channel for 
technical assistance to the underdevel- 
oped countries. 

So the program has developed in 
such a way that, while the largest share 
of the available funds has been devoted 
to activities aimed at assisting the un- 
derdeveloped countries, the developed 
countries have taken an active part in 
the Organization and have benefited 
from many of its activities. 

Admittedly, this is a brief account of 
the complex of world food and agricul- 
tural problems, and of FAO’s role in 
assisting its member countries to deal 
with those problems. However, it does 
give a broad background against which 
to consider the kinds of things FAO has 
done and is doing. 


Structure 


The subject-matter activities of FAO 
are reflected in the organizational struc- 
ture of its headquarters staff; the tech- 
nical work is grouped under a Tech- 
nical Department and an Economics 
Department, with appropriate support- 
ing services and over-all administrative 
groups. 

The present organizational structure, 
which has been fully in effect only since 
1 January 1960, is as follows. 

1) A Technical Department, includ- 
ing Divisions for Land and Water De- 
velopment, Plant Production and Pro- 
tection, Animal Production and Health, 
Fisheries, Nutrition, Forestry, and Ru- 
ral Institutions and Services. Also there 
is an Atomic Energy Branch attached 
to the office of the assistant director- 
general, who is responsible for this de- 
partment. 
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2) An Economics Department, also 
under an assistant director-general, and 
with Divisions for Statistics, Commod- 
ities, and Economic Analysis. 

3) A Department of Public Relations 
and Legal Affairs, under an assistant 
director-general. This department in- 
cludes an Information and Public Rela- 
tions Service, a Publication Service, the 
Office of Legal Counsel, an Office of 
Liaison and Protocol, the Rural Legis- 
lation Branch, a Conference and Op- 
erations Branch, and the library. The 
library, called the David Lubin Memor- 
ial Library, is named after the Amer- 
ican whose activities led to the estab- 
lishment in 1905 of the International 
Institute of Agriculture. After World 
War II, that institute’s assets (including 
its library) were absorbed by FAO. 

4) A Division of Administration and 
Finance, under a director. 

5) The Office of the Director-Gen- 
eral. The director-general, who is elec- 
ted by the Conference, is assisted by a 
deputy director-general, a Program and 
Budgetary Service, two special assist- 
ants, and the internal auditor. 

Apart from the headquarters staff, 
there are provisions for regional offices 
in North America, Latin America, Af- 
rica, the Near East, and Asia and the 
Far East; there are also a few subre- 
gional offices. In addition, there are 
technical assistance teams in many of 
the underdeveloped countries, and in 
most cases one member of the team 
serves as the FAO representative in the 
country concerned. 

In the early years there were subject- 
matter divisions for Economics, Fish- 
eries, Forestry, and JNutrition. Some 
leaders, believing in a planning and 
management role for FAO and advanc- 
ing proposals such as establishment of a 
world food board, were stressing eco- 
nomic aspects of agriculture, and the 
technical aspects were left largely to 
one side. It was over a year after the 
formal establishment of FAO in Que- 
bec that an Agriculture Division was 
initiated. Somewhat later a Rural Wel- 
fare Division was established. When 
postwar scarcities were becoming less 
troublesome and countries were turning 
their attention to longer-term commod- 
ity problems, a Commodities Division 
was established, utilizing some person- 
nel from the Economics Division and 
the secretariat of the International 
Emergency Food Council, which had 
been established by FAO. 

Early in 1951, when the headquar- 
ters of FAO was transferred from 
Washington to Rome, some consolida- 


tion took place. The Commodities Divi- 
sion was abolished, and most of its 
functions were assigned to the Econom- 
ics Division. The Rural Welfare Divi- 
sion was also abolished, and its func- 
tions were assigned to the Agriculture 
and Nutrition divisions. Thus, from 
early 1951 to 1958, there was a reason- 
ably stable period during which five 
subject-matter divisions (Agriculture, 
Economics, Fisheries, Forestry, and Nu- 
trition) were responsible for the sub- 
stantive work. However, owing to the 
concern of member countries with tech- 
nical agricultural problems, particularly 
as expressed in their requests for techni- 
cal assistance, work in Agriculture ex- 
panded more rapidly than in other fields, 
So it came about that this division was 
carrying something over half the total 
work program, when the regular and the 
technical assistance programs are con- 
sidered together. It was at this stage that 
a decision was taken to divide the Agri- 
culture Division into four divisions, plus 
a branch to deal with the applications of 
atomic energy to agriculture. At the 
same time, it was decided to divide the 
Economics Division into three divisions. 
These changes led to the present or- 
ganizational structure that is described 
above. 

It is natural that a new organization 
should undergo some structural changes 
as it undertakes to meet the needs of its 
member countries, and as it achieves a 
reasonable balance in the emphasis 
given to the many phases of food and 
agriculture. encompassed in its terms of 
reference. Also, during FAO’s first 15 
years, a time of postwar scarcities has 
given way to a time of troublesome 
surpluses of certain commodities in the 
main exporting countries. 

To understand the work of FAO it 
is also necessary to understand that it is 
an intergovernmental organization, con- 
trolled by its member governments and 
designed to serve those governments. 
It may be said that there are two FAO’s, 
the countries which make up the or- 
ganization and the staff which carries 
out the program of work agreed to by 
the governments of the member coun- 
tries. 

The Conference is the primary gov- 
erning body of FAO. It holds regular 
sessions biennially. Special sessions may 
be called to deal with emergency or 
other special problems. Each member 
government may send one delegate to 
the Conference and has one vote. The 
delegates are accompanied by alternates, 
associates, and advisers, according to 
the desires of the respective govern- 


SCIENCE, VOL. 132 


Traine 
mecha 


ments. 
cation 
zation 
the C 
budge’ 
review 
work, 
agricu 
trative 
cusses 
clude 
are tc 
rector 
man ¢ 
matte 
broug 
the « 
site (] 
headc 
feren 
Cope: 
Since 
held | 
ters 
headc 

Th 
mem 
Conf 
body 
ence. 
sion 
sions 
Sessic 
pend 
feren 
Muc 
work 
by 
man) 


30 SE 


4 

‘6 

3 
4 
| 
| 

| 
a 
| 
a 
\ 

3 

= 


Tries 
o by 
oun- 


gov- 
gular 
may 
y or 
mber 
te to 
The 
rates, 
ig to 
vern- 


L. 132 


Trainees from Southeast Asian countries participate in a regional training center on 
mechanical logging, which was held in the Philippines. 


ments. The Conference acts on appli- 
cations for membership in the Organi- 
zation, elects member governments to 
the Council, decides the level of the 
budget, sets the scale of contributions, 
reviews and approves the program of 
work, reviews the state of food and 
agriculture, takes decisions on adminis- 
trative and constitutional questions, dis- 
cusses any special topics that it may in- 
clude in its agenda, and (when the posts 
are to become vacant) appoints a di- 
rector-general and an independent chair- 
man of the Council. It also acts on other 
matters that may appropriately be 
brought before it. One such matter was 
the determination of the permanent 
site (Rome, Italy) of the Organization’s 
headquarters. Early sessions of the Con- 
ference were held in Quebec (1945), 
Copenhagen (1946), and Geneva (1947). 
Since that time all sessions have been 
held at either the temporary headquar- 
ters in Washington or the permanent 
headquarters in Rome. 

The Council, representing the 25 
member governments elected by the 
Conference, serves as the governing 
body between sessions of the Confer- 
ence. It holds at least one full-scale ses- 
sion each year, in addition to brief ses- 
sions just prior to and immediately after 
sessions of the Conference. An inde- 
pendent chairman, elected by the Con- 
ference, presides over Council sessions. 
Much of the substantive and detailed 


work assigned to the Council is done . 


by committees—work which leads in 
many instances to formal council or 
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conference action. There are four stand- 
ing committees, dealing with program, 
finance, constitutional and legal, and 
commodity problems, respectively. In 
addition to these standing committees, 
there currently exists an FAO-UNICEF 
Joint Policy Committee, which was 
established on an ad hoc basis by the 
FAO Council and the executive board 
of the United Nations Childrens’ Fund 
(UNICEF) to advise on administrative, 
financial, and operational problems aris- 
ing from the joint activities in which 
FAO and this special arm of the United 
Nations participate. 


Work of the Organization 


Broadly speaking, FAO’s work is de- 
signed to provide countries with oppor- 
tunities for intercountry consultation 
and with information and advice, includ- 
ing technical assistance. Within these 
broad categories various approaches are 
used, either singly or in combinations of 
two or more, depending upon the nature 
of the job to be done. 

The Organization provides interna- 
tional and regional forums at both the 
scientific and technical level and the 
policy level. Discussions of over-all 
problems relating to food and agri- 
culture take place in the FAO council 
and conference sessions, in regional con- 
ferences that are held biennially in 
several of the major regions, and, in 
more limited subject-matter areas, in the 
regional fisheries and forestry councils, 


the International Rice Commission, the 
Council’s Committee on Commodity 
Problems and its subgroups on grains, 
rice, cocoa, coconut, citrus fruits, and 
surplus disposal problems, and in other 
forums. 

On the scientific and technical side, 
international and regional meetings. 
group meetings of experts, and other 
forums provide opportunities for ex- 
change of information and ideas, and in 
many cases for the planning of coordi- 
nated action, on practically all the sub- 
jects covered by the ten divisions and 
the Atomic Energy Branch, which con- 
stitute FAO’s Technical and Economic 
departments. In the forums organized 
by seven of these divisions and in the 
atomic energy field, major attention is 
given to scientific developments and 
their applications in agricultural pro- 
duction, processing, and distribution. 

In FAO’s early years, considerable 
emphasis was placed on _ missions, 
usually of a few months’ duration to 
various countries to carry out technical 
and economic surveys and to propose 
lines for development, either in the 
broad field of agriculture or in some 
limited sector of it. Only one such mis- 
sion has been organized in recent years, 
and with the advent of the Special Fund, 
a somewhat different approach has 
evolved, based on projects. Each proj- 
ect is designed to lay the basis for a de- 
velopment project such as an irrigation 
scheme, or a training institute, or a re- 
search project. The team supplied by 
FAO may remain in the country for 
from one to several years. 

Much of FAO’s direct assistance to 
governments has been accomplished 
through sending experts, sometimes for 
a few months but usually for one or 
more years, to advise and assist the 
governments in planning and carrying 
forward technical projects and econom- 
ic studies. Most such experts have been 
financed under the Expanded Technical 
Assistance Program. As of September 
1959, 1773 experts from 40 countries 
had served in the field for FAO under 
this program. 

Limited amounts of technical sup- 
plies, equipment, and literature may 
also be made available to countries to 
enable experts serving in those coun- 
tries to carry forward their advisory ac- 
tivities—in particular, specialized items 
which are not readily available in the 
countries receiving assistance. While 
such equipment and supplies are usual- 
ly limited to laboratory items, such 
things as tractors for experimental pur- 
poses and vehicles for transporting FAO 
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An FAO expert, advising on the engineering aspects of the Gal Oya development project 
in Ceylon, trains Ceylonese in machine-shop techniques. 


personnel, or for transporting supplies 
in special cases such as the desert locust 
campaign in the Near East, are pro- 
vided. Also, in a few instances, experi- 
mental animals, such as flocks of sheep, 
have been supplied. 

Nationals of the recipient country 
are trained in varying degrees by prac- 
tically every expert who carries out an 
assignment. In addition, training centers 
are held for junior personnel, and de- 
velopment centers and study tours for 
senior officials, in order to train the 
former in specific techniques for carry- 
ing forward agricultural projects and 
to enable senior personnel to exchange 
ideas and study new approaches as a 
basis for planning and administering 
projects in their own countries. Some 
of these training programs are carried 
out under the regular budget or under 
special grants, but most of them have 
been carried out as regional projects, or 
in some cases as national projects, under 
the Expanded Technical Assistance Pro- 
gram. As of September 1959, approxi- 
mately 100 such centers had been held 
under this program. 

The Organization also provides fel- 
lowships for study outside the fellow’s 
home country, primarily as a means 
of providing technicians and leaders 
with training needed to carry forward 
or administer projects upon which ad- 
visory assistance has been, or is being, 
given by experts. Most such fellowships 
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have been granted under the Expanded 
Technical Assistance Program, the total 
number awarded as of September 1959 
being approximately 1600. A few were 
awarded in the early years under an 
UNRRA transfer fund. In recent years 
the André Mayer Fellowships (named 
after the French physiologist) were es- 
tablished to foster research, and ad- 
vanced training in research methods, 
in connection with projects related to 
the FAO program. Approximately 12 
are awarded each year. 

The Organization prepares and pub- 
lishes many documents containing sta- 
tistics and summaries of new scientific, 
technical, and economic findings and 
other materials for the information of 
member countries, and in some in- 
stances for the guidance of officials in 
planning and implementing projects for 
economic development. These publica- 
tions cover a wide range; there are 
yearbooks of production and trade sta- 
tistics; technical publications in many 
phases of agriculture, economics, fish- 
eries, forestry, and nutrition; reports of 
meetings and training centers; reports 
of missions; reports to governments by 
technical assistance experts; and docu- 
mentation for various technical and 
economic meetings and sessions of the 
Conference and Council. The nature 
and extent of FAO’s publishing activ- 
ities is indicated by the following list: 
State of Food and Agriculture (a com- 


prehensive review issued annually); 
World Food Survey (issued in 1946 
and 1952); Agricultural Studies (ap- 
proximately 50 comprehensive reviews 
have been issued in this series to date); 
Agricultural Development Papers (for 
the guidance of agricultural leaders; 
approximately 65 papers have been is- 
sued); Nutritional Studies (including 
16 major studies); periodicals including 
the Plant Protection Bulletin, a Month- 
ly Bulletin of Agricultural Economics 
and Statistics, the FAO Fisheries Bulle- 
tin, World Fisheries Abstracts, and 
Unasylva; regular statistical volumes, 
including a Production Yearbook, a 
Trade Yearbook, Yearbook of Fisheries 
Statistics, and a Yearbook of Forest 
Product Statistics; and numerous publi- 
cations in the Commodity and Com- 
modity Reports series. There are other 
types of publications as well, but this 
list should be sufficient to indicate the 
kinds of information FAO makes avail- 
able to its member governments. 

Another approach is the organizing 
and servicing of permanent bodies, as 
arms of FAO, to provide continuing 
mechanisms for (i) consultation among 
countries which have common prob- 
lems and (ii) such cooperative action 
as the countries concerned may agree to 
undertake. These arms of FAO include 
a considerable number of regional and 
international commissions, in various 
phases of agriculture, fisheries, and for- 
estry. 

Still another approach is the assisting 
of governments in the preparation and 
formalizing of conventions aimed at 
laying the basis for common action. 
This procedure has been little used; 
only one such convention—the Inter- 
national Plant Protection Convention— 
has been prepared and brought into ef- 
fect under FAO auspices. 

Also, FAO staff members maintain 
contact with leaders in member coun- 
tries, through correspondence and vis- 
its, to obtain information on_ their 
problems, to supply information and 
advice when requested, and to provide 
background for the effective use of the 
approaches described above. 

These methods provide a great deal 
of flexibility yet conform to the Organ- 
ization’s terms of reference. In actual 
practice the various methods are inter- 
related, and it is often necessary, as | 
have already pointed out, to use a num- 
ber of these methods in dealing with 
any particular problem or set of prob- 
lems, in order to achieve the most sat- 
isfactory results. 
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Sources of Financing 
and Shifts in Emphasis 


The activities of FAO are financed by 
governments through three main chan- 
nels—the FAO Regular Budget, the Ex- 
panded Technical Assistance Program, 
and the United Nations Special Fund. 
Limited financial support has also been 
received from other sources. 

During the first five years, activities 
were financed largely from the regular 
budget and consisted mainly of holding 
international and regional meetings, 
sending survey missions (at the request 
of member countries) to study agricul- 
tural problems and to propose develop- 
ments programs, collecting and publish- 
ing statistical and technical information, 
and organizing technical bodies (mostly 
regional in character, although some— 
for example, the International Rice 
Commission—are international in scope) 
as arms of FAO. Direct technical as- 
sistance to member countries was limit- 
ed largely to brief visits by staff mem- 
bers, to visits of consultants on specific 
assignments, or to survey missions such 
as those to Greece, Poland, Thailand, 
and Nicaragua. Two other aspects of 
the early work of FAO should also be 
mentioned here. 

During the years immediately after 
World War II, the Organization serv- 
iced an International Emergency Food 
Council (later renamed “Committee”’), 
which provided the mechanism for vol- 
untary rationing of short supplies of 
certain agricultural products among 
countries. Also, much attention was 
given to proposals for international ac- 
tivities aimed at stabilization of supplies 
and prices of agricultural commodities. 
These included proposals for establish- 
ing a world food board and an interna- 
tional commodity clearing house. These 
proposals were not adopted, since gov- 
ernments were not prepared to place 
this kind of responsibility in the hands 
of an international agency. The discus- 
sions contributed, however, to the deci- 
sion to set up the FAO Council (replac- 
ing an executive committee), with the 
function, among others, of keeping un- 
der review the state of food and agri- 
culture in the world. In practice, this 
function has been limited largely to 
consideration of commodity problems 
by the Council and by the Council’s 
24-member Committee on Commodity 
Problems and its subsidiary working 
groups described above. 

Early in 1947, FAO reached an 
agreement with the then existing United 
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Nations Relief and Rehabilitation Ad- 
ministration whereby UNRRA turned 
over to FAO something over $1 million 
for direct advisory assistance in agri- 
cultural problems to nine FAO mem- 
ber countries that had been receiving 
supplies from UNRRA. This supple- 
mented the regular budget, and over a 
period of several years scientific and 
technical advisers could be stationed 
in these countries for fairly long periods. 
In addition, some fellowships were pro- 
vided, as well as some equipment and 
materials to enable the advisers to 
move ahead with their work. 

The amount that each member gov- 
ernment and associate member is to 
contribute to FAO’s regular budget is 


determined by the Conference for each 
biennium, according to an established 
formula. For 1960 and 1961 the 
amount assessed from governments is 
$18,451,000, or $9,225,500 annually. 
The United States’ share is 32.51 per- 
cent, or $2,999,210.05 annually. From 
the beginning, the regular staff, which 
has been financed under this regular 
budget, has provided the backbone of 
FAO’s work and has been the central 
core around which other phases of 
FAO’s program have developed. 

The Organization’s second five years 
may be characterized as the period dur- 
ing which the Expanded Technical As- 
sistance Program was established and 
developed, following the action of the 


An FAO specialist in cotton production demonstrates a light ginning machine to his 
Ethiopian colleagues. Though not a supply agency, FAO does provide limited amounts 
of equipment and supplies as a part of its technical assistance work. 
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U.N. Economic and Social Council in 
1949, under which this interorganiza- 
tional program was established and un- 
der which work was initiated in July 
1950. This new source of funds enabled 
FAO to extend direct advisory assist- 
ance to many of the less-developed 
countries. Activities included the send- 
ing of advisers, the provision of limited 
quantities of technical equipment and 
supplies, and the awarding of a sub- 
stantial number of fellowships. Also, 
many regional training and develop- 
ment centers were held. This new and 
expanding phase of the Organization’s 
program brought the underdeveloped 
countries a new source of outside as- 
sistance, and to the staff it brought new 
opportunities for field activities in sup- 
port of the more “academic” types of 
work, activities that had been impos- 
sible up to that time except for limited 
opportunities for work in certain coun- 
tries under the UNRRA-Transfer fund. 
Currently, the United States contributes 
40 percent of the funds for the Ex- 
panded Technical Assistance Program, 


A trainee in a training center for census-takers for Latin America, which was held in 
Peru under the combined auspices of FAO, the Inter-American Statistical Institute, and 


under legislation which provides for the 
matching of contributions of other coun- 
tries on a 40:60 basis up to a specified 
amount. 

The amount that FAO and each of 
the other agencies participating in the 
program receives each year is deter- 
mined (within the total amount con- 
tributed voluntarily by governments that 
are members of all or any one of the or- 
ganizations in the United Nations “‘fam- 
ily”) primarily by the proportion of re- 
quests from governments for assistance 
that fall within its terms of reference. 
Other factors that affect the total 
amount are allotments for headquarters 
costs and for regional projects. The 
amounts available to FAO were $8,352,- 
451, or 24.70 percent of the total, in 
1958 and approximately $8,225,390, or 
24.67 percent of the total, in 1959. 

Thus, by the end of its first decade, 
the FAO program had become more or 
less stabilized, with its regular and its 
Expanded Technical Assistance pro- 
grams receiving approximately equal 
financial support. This situation per- 


the United Nations, gets field experience in an experimental census. 
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sisted during the next three to four 
years. 

A further major step in the develop- 
ment of FAO’s program came with the 
establishment of the United Nations 
Special Fund, in October 1958. The 
first group of projects approved in 
1959 for financing under this fund in- 
cluded five for which FAO became the 
executing agency. Later that year 12 
more projects were assigned to FAO. 
For these 17 projects a total of $10, 
185,600 was assigned to the Organiza- 
tion during 1959. In May 1960, 11 
more projects, totaling $6,344,100, 
were allocated to FAO. These funds 
are assigned on a project basis and may 
be expended over several years; the 
period will vary according to the agree- 
ment covering each project, so it is dif- 
ficult to estimate the additional re- 
sources that may be made available to 
FAO on a year-by-year basis. However, 
if a substantial proportion of the re- 
quested projects continue to be in 
FAO’s field, FAO’s annual resources 
from the special fund may compare 
favorably with, or even exceed, its re- 
sources from the regular budget or for 
the Expanded Technical Assistance 
Program. Thus, over the next few years, 
the FAO program may tend to become 
stabilized on a triple financial base, 
each of the three “legs” being more or 
less equal in terms of dollars. United 
States contributions to the special fund 
are currently 40 percent of the total, 
on the same 40:60 matching arrange- 
ment that applies to the Expanded 
Technical Assistance Program. 

The Organization has also received 
some financial support from _ other 
sources. For example, the United Na- 
tions Children’s Fund has financed a 
number of FAO agricultural and nutri- 
tional activities carried out in support 
of UNICEF-financed projects in vari- 
ous countries. The Council on Eco- 
nomic and Cultural Affairs (a private 
foundation) has supported some work 
in the farm-management field, relating 
to rice. A number of the less developed 
countries, not being able to secure all 
the outside assistance they needed from 
multilateral or bilateral sources and ex- 
periencing difficulties in recruiting staff 
members from outside their borders, 
turned funds over to FAO to enable 
that organization to recruit and admin- 
ister staff members for service in their 
national programs. Currently, nongov- 
ernmental organizations, foundations, 
and member governments are being 
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Staff members of a school for dietitians at Pasaminggu, Indonesia, give a course for 
women of the community. The director of the school was the recipient of a fellowship 
for foreign study under the FAO technical assistance program. 


asked to consider making voluntary 
contributions to a fund that will be used 
to support a freedom-from-hunger cam- 
paign, which the Conference author- 
ized for the period 1960-65. This cam- 
paign is, in a sense, a rededication by 
member countries to the principles set 
forth in the FAO constitution when 
FAO was founded. 


Success to Date 


In the complex of world affairs, food 
and agriculture have important places. 
Improvements in transportation and 
communications are bringing peoples of 
all countries into closer and closer con- 
tact and are enhancing the understand- 
ing of peoples of each country regard- 
ing the situation in all the others. Thus, 
the wide gaps in food supplies and lev- 
els of living are becoming more appar- 
ent. Peoples of the less developed coun- 
tries, becoming increasingly convinced 
that inadequate food supplies and poor 
living conditions are not inevitable, are 
seeking ways to better their lot. Devel- 
oped countries, recognizing this need, 
have been extending economic and 
technical aid on an unprecedented scale. 

The primary place of food and agri- 


culture in world affairs was evidenced. 


by the fact that, among the many inter- 
national organizations created by gov- 
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ernments after World War II, either as 
new agencies or replacements for old 
ones, FAO was the first to be set up. 

Measuring the success, or lack of 
success, of an organization that deals 
with such a broad complex of problems 
is difficult indeed. Few objective yard- 
sticks are at hand, but some subjective 
estimates may be useful. 

Perhaps the greatest single contribu- 
tion of FAO is the degree to which ‘it 
has created understanding of the ways 
in which countries can work together 
to their mutual advantage. An example 
from the field of plant breeding will 
illustrate the point. 

Between 1947 and 1958, FAO organ- 
ized a series of ten meetings, in Europe 
and the Mediterranean area, on hybrid 
corn. These meetings enabled the lead- 
ing corn breeders in this region to meet, 
to exchange information on their re- 
spective research programs, and to plan 
coordinated action. The Organization 
provided experimental seed from the 
United States and Canada during the 
first half of the period. Testing pro- 
grams were planned at the meetings, and 
the results of the previous years’ tests 
were reviewed to determine which hy- 
brids could be used most advantageously 
in various countries and areas. The re- 
sults were published, and made gener- 
ally available to all countries, by FAO. 
As the work developed and as wider use 


was made of imported hybrid corn seed, 
attention gradually shifted to the de- 
velopment of inbred lines from breed- 
ing stocks available in the region in 
question and to the testing of hybrids 
from these inbred lines. The stimulus 
to plant-breeding work as a result of 
these activities was substantial. Also, 
marked increases in production resulted. 
For example, data submitted by the 
delegates to these meetings indicated 
that, in 1952, 6 percent of the corn area 
in 17 countries was planted to hybrids, 
and the increase in production result- 
ing from the use of hybrids was esti- 
mated at about 400,000 tons. By 1954, 
the increase from the use of hybrids 
over the tonnage that would have been 
obtained through the use of ordinary 
open-pollinated varieties on the same 
land was estimated to be 640,000 tons. 
The value of this increase in 1954 was 
estimated to be $55 million. The amount 
spent by FAO to catalyze this activity, 
from the beginning of the work, in 1947, 
to 1954, had been only about $40,000. 

Such striking results cannot be ex- 
pected from all international efforts. But 
this work on hybrid corn does show 
what can be accomplished when an in- 
ternational organization provides com- 
petent scientific leadership and the fo- 
rum in which representatives of coun- 
tries can meet to tackle a common prob- 
lem. 

After the 1958 meeting it was de- 
cided that FAO leadership was no 
longer essential, and the corn-breeding 
activities have since been left entirely 
in the hands of the countries concerned. 
However, as a further step in making 
information available to all its member 
countries, FAO published a 440-page 
volume, Hybrid Maize Breeding and 
Seed Production. Like most other FAO 
publications, this was issued in the three 
official languages of the United Nations 
—English, French; and Spanish. 

Similar activities have been under- 
taken in many other fields, Naturally, 
each activity develops along the lines 
required to meet the needs of countries 
in the respective fields. For example, 
one activity arising from the FAO In- 
ternational Rice Commission’s work on 
rice breeding was a project to hybridize 
japonica and indica rices, with the aim 
of combining the high response to fer- 
tilizer of the japonica rices grown in 
more northerly latitudes with the ca- 
pacity to adapt to tropical conditions 
that characterizes the indica varieties. 
In the Near East, an intercountry proj- 
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ect on wheat and barley breeding is ac- 
tively under way; this has included co- 
operative efforts aimed at identification 
of rust- and bunt-resistant stocks suit- 
able for use as parental material in na- 
tional breeding programs. On the ani- 
mal-breeding side, meetings have been 
held, in various parts of the world, de- 
voted wholly or in part to the improve- 
ment of livestock through breeding. 
These have included, for example, a 
series of four meetings over the last 
ten years on livestock production in the 
Americas. These and other meetings 
gave much attention to the complicated 
genetic, physiological, and managerial 
problems of breeding livestock adapted 
to unfavorable environments. This line 
of work has resulted in a number of 
FAO publications other than the re- 
ports of the meetings themselves, in- 
cluding three major documents: “Breed- 
ing Livestock Adapted to Unfavorable 
Environments,” “Zebu Cattle of India 
and Pakistan,” and “Types and Breeds 
of African Cattle.” 

Although it is not possible to measure 
the effects of such activities precisely, 
it is clear that their catalytic action has 


Workers in a cooperative project on the hybridization of indica and japonica rice at 


resulted in much activity in the coun- 
tries concerned and an increase in the 
flow of information between countries. 
When one makes a mental addition of 
these effects in all the technical fields 
covered by FAO, the impression of sub- 
stantial results cannot be avoided. 
Similar efforts have been made in 
other areas, such as credit, cooperatives, 
land tenure, commodities, statistics, eco- 
nomic analysis and planning, and the 
overall improvement of government 
services to agriculture, with emphasis 
on the organization of research, the or- 
ganization and improvement of exten- 
sion services, and the requirements and 
facilities for training agricultural sci- 
entists and leaders. Phillips, Moskovits, 
and Lininger have discussed the organi- 
zation of agricultural research in Eu- 
rope, and Chaparro has made an inten- 
sive study of higher education in the 
field of agriculture in Latin America. 
Activities in these several fields have 
also led to the exchange of much infor- 
mation and of many ideas among coun- 
tries and have contributed substantially 
to the understanding by countries of 
each other’s problems and of the areas 


a rice research institute in Cuttack, Orissa, India. 


878 


in which coordinated action is desirable. 

Without attempting to give further 
examples of the ways in which ideas 
proceed from member countries into the 
many forums provided by FAO, result- 
ing in action in the countries concerned, 
with many interactions in the process, 
we may sum it up by saying that FAO 
has contributed much to an understand- 
ing of how countries can work together 
and, in addition, that the processes 
through which countries have gained 
this understanding have yielded many 
direct benefits in terms of information, 
ideas, and action. 

The direct assistance which FAO has 
provided to individual countries in the 
underdeveloped areas should probably 
be ranked second among its achieve- 
ments, although activities in this phase 
of FAO’s program of work are ad- 
mittedly more spectacular than those 
just discussed, and the results of direct 
assistance are difficult to compare with 
the less tangible results of intercountry 
discussions and coordination of ideas 
and actions. 

Mention has already been made of the 
1773 experts who had served in 40 
countries up to September 1959, of the 
approximately 100 training and de- 
velopment centers which have been 
held, and of the projects already as- 
signed to FAO under the recently estab- 
lished special fund. In addition, we 
should mention the missions which have 
made on-the-spot studies in various 
countries and the direct assistance by 
staff members and consultants, financed 
under the regular budget and by funds 
from several other sources. 

Much has been done, for example, to 
assist countries in ridding themselves 
of the deadly cattle disease rinderpest. 
Veterinarians have assisted in the de- 
velopment of vaccines, the establishment 
of biologics laboratories and vaccine- 
production facilities, the training of 
field teams, and the organization of 
vaccination campaigns. 

Governments of countries in the Near 
East and adjacent portions of Asia and 
Africa have been assisted in the or- 
ganization and conduct of cooperative 
campaigns to control the desert locust. 
Recently they have been assisted in the 
initiation of an extensive cooperative 
research project aimed at making an 
ecological survey and conducting other 
studies to obtain more adequate knowl- 
edge of the locusts’ breeding habits and 
breeding areas, of factors which affect 
reproduction, of methods of predicting 
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outbreaks, and of methods of control. 
Seventeen countries are involved in this 
effort. 

Experts on soils and land use have 
helped or are helping many countries 
in the makizg of soil surveys, in soil 
fertility studies, and in planning for the 
most effective use of lands now culti- 
vated or being brought under cultiva- 
tion in new irrigation and other land- 
development schemes. 

Nutritionists are assisting in the mak- 
ing of dietary surveys, determining how 
the nutritional needs of countries may 
be met more effectively, and in the de- 
velopment of new sources of foods rich 
in protein, minerals, and vitamins. Fish- 
eries experts work with many govern- 
ments in studies of both fresh- and salt- 
water fisheries, in an effort to develop 
more adequate sources of protein. 

This listing of kinds of direct assist- 
ance could go on, covering all the tech- 
nical and economic areas with which 
FAO deals. But these few examples, 
coupled with the indications already 
given of the over-all size of the effort, 
should be adequate to indicate that 
much is being accomplished to assist 
countries in their efforts to bridge the 
gap between modern agricultural meth- 
ods and the practices followed in agri- 
cultural production, processing, and dis- 
tribution and in food utilization. 

A third major area to which FAO 
has contributed is that of the collection 
and dissemination of information. Much 
of FAO’s publishing activity is an inte- 
gral part of other phases of the pro- 
gram. Yet, the complex of statistical, 
economic, technical, and scientific in- 
formation which FAO makes available 
to its member countries is a contribu- 
tion which deserves recognition in its 
own right. A few titles, in addition to 
those mentioned above, will illustrate 
the variety and scope of FAO’s publi- 
cations: “Efficient Use of Fertilizers,” 
“Water Lifting Devices for Irrigation,” 
“Legumes in Agriculture,” “Olive Oil 
Processing in Rural Mills,” “Advances 
in Cheese Technology,” “Meat Hy- 
giene,” “Marketing Fruit and Vege- 
tables,” “Protein Requirements,” 
“Teaching Better Nutrition,” ‘“Agricul- 
tural Credit in Economically Underde- 
veloped Countries,” and ‘“Fact-Finding 
with Rural People.” Such materials, 
while particularly useful to underde- 
veloped countries which may not have 


the facilities to compile the information. 


for themselves, are also very useful to 
all the member countries of FAO (J). 
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A native worker, trained by an FAO veterinary adviser, vaccinates cattle against 


rinderpest in Afghanistan. 


In the evaluation of an organization’s 
work, it is easy to err on the side either 
of optimism or of adverse criticism. 
The Food and Agriculture Organization 
has had its share of failures, and of 
successes varying all the way from pro- 
grams which just missed being failures 
to glowing successes. On the whole, its 
record has been good, and the member 
governments generally regard it as an 
organization in which they can partici- 
pate with confidence and to which they 
can look for sound information and— 
particularly in the case of the underde- 
veloped countries—useful assistance. 


What of the Future? 


Against a background of useful serv- 
ice to its member countries, what are 
the prospects for the future? 

Agricultural development, usually 
slow, is a continuing process. Just how 
soon the many underdeveloped’ coun- 
tries will achieve “economic break- 
throughs” and reach a stage which some 
are now calling “self-sustaining growth” 
is difficult to predict. But it seems cer- 
tain that the process will go on for many 
decades. So the opportunities for direct 
assistance to governments from FAO 
will persist. The degree to which gov- 
ernments will use this channel in the 
future remains to be seen. 

As populations expand (the popula- 


A 


tion explosion threatens to bring the 
world total to six billion or more by the 
turn of the century), as contacts be- 
tween countries become closer, through 
travel, better communications, and 
greater emphasis on trade, and as pres- 
sures on the land increase, the need for 
intercountry consultation and coopera- 
tion will certainly increase. The facili- 
ties of FAO and the experience gained 
to date in FAO forums should serve 
countries well. Nevertheless, it is diffi- 
cult to predict how far governments will 
go in utilizing the channel of FAO in 
preference to others available to them. 
The need for a ready international 
source of information—scientific, tech- 
nical, economic, and statistical—seems 
certain to increase as relations among 
countries grow more intimate and com- 
plex, and as the world’s store of infor- 
mation expands rapidly, reaching levels 
in many fields where the human brain 
—or the compiling facilities, in many 
countries—cannot cope with it all. Here. 
too, member governments will need to 
look carefully at the problem and io 
determine the kinds of compilation they 
need most from a central source such 
as FAO. Great wisdom will be needed 
in choosing the things to be done by 
FAO, in eliminating duplication of ef- 
fort between FAO and governments of 
the member countries, and in selecting 
those areas wherein each government 
should depend upon its own resources. 
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The countries of the world are be- 
coming increasingly interdependent, and 
although this fact is generally recog- 
nized, governments are under increas- 
ing pressures to make decisions regard- 
ing the development and utilization of 
their resources without adequate knowl- 
edge of the policies and objectives of 
other countries or often of the basic sci- 
entific, technical, and economic facts 
upon which the decisions should be 
based. On the other hand, governments 
have set up a substantial number of in- 
ternational and regional organizations, 
both technical and economic, to serve 
them. This has created a problem of co- 
ordination of another kind. There is 
much talk of coordination among agen- 
cies, and progress is being made. But 
the fields are many and the problems 
complex. One sometimes gets the im- 
pression that a stage has now been 
reached comparable to the warming-up, 
tuning-up stage in a large orchestra, 
when only a jumble of sound emerges. 
This is not an adverse criticism—trather, 
it is a reflection on the increasingly com- 
plicated world in which we live. The 
best of statesmanship will be needed in 
governments, and in FAO and other in- 
ternational forums, if this much-dis- 
cussed coordination is to be achieved, 
and not allowed to become an end in it- 
self. 

Mention was made above of the ex- 
tent to which FAO draws its finances 
from outside sources, in particular from 
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Food made with fish flour, developed with the assistance of FAO representatives in a 
nutrition laboratory in Rangoon, Burma, is served in a nursery school. 


the Expanded Technical Assistance Pro- 
gram and the United Nations Special 
Fund—sources over which the FAO 
governing body, the Conference, has no 
direct control. Here is a coordination 
problem of yet another kind. How does 
an organization plan and coordinate its 
own activities and ensure the effective 
use of its staff if its governing body con- 
trols only a rather small portion of its 
finances? The time is approaching when 
the proportion of FAO resources con- 
trolled by the Conference may be only 
about one-third or even less. Here, too, 
is a problem that will require real states- 
manship in international agricultural 
and related affairs. 

The degree to which FAO becomes 
an increasingly important source of in- 
formation for governments and an in- 
strument through which governments 
consult with one another and through 
which assistance is channeled to under- 
developed countries will depend pri- 
marily on the degree to which govern- 
ments elect to use FAO for these pur- 
poses. 

If governments do elect to deal with 
agricultural matters to an increasing de- 
gree through FAO, then perhaps the 
most important factors in determining 
the success of such intercountry efforts 
will be the following. 

1) The competence of the represent- 
atives designated by governments to rep- 
resent them in scientific, technical, eco- 
nomic, and policy-making forums. 


2) The ability of the leadership of 
FAO to sense the real needs of the coun- 
tries concerned and to build well-bal- 
anced programs aimed at meeting those 
needs. 

3) The maintenance of a proper bal- 
ance between the responsibilities and 
functions of governments on the one 
hand and of FAO on the other. One 
example of a particularly sensitive area 
is that of short- and long-range plan- 
ning. Here, an international organiza- 
tion can be very helpful when it assists 
governments singly and, on occasion, in 
groups to improve the effectiveness of 
their planning operations, but it can 
generate suspicion and ill will if it at- 
tempts to do the planning itself. 

4) The competence of the staff. An 
international organization requires staff 
members of a competence which com- 
mands respect among their counterparts 
in governments, members who have the 
imagination to develop programs that 
are of real benefit to the countries con- 
cerned, and who have the ability to deal 
with people from a wide variety of na- 
tional backgrounds. The director-gen- 
eral, elected by governments to repre- 
sent them in the management of the Or- 
ganization, must depend to a large ex- 
tent upon his staff, in both program 
building and implementation, so the 
success of his leadership depends to a 
large degree on the competence of 
those who serve under him. 


Conclusion 


The time has passed when ministries 
and departments of foreign affairs can 
carry the full load of foreign relations 
for their countries. In the broad field of 
food and agriculture, agricultural sci- 
entists and economists are playing an 
increasingly important role in interna- 
tional affairs. This does not mean that 
foreign ministries have a lesser role. On 
the contrary, as problems on the foreign- 
affairs front grow more complex, the 
size of the task increases. Already, it 
has increased to a point where support 
is needed on many fronts, including the 
various aspects of food and agriculture. 
This is a theme which Kistiakowsky 
stressed in his recent article on “Science 
and foreign affairs.” If this trend con- 
tinues, as seems almost certain, there 
will be a corresponding increase in the 
need for countries to “tool up” the 
mechanisms which are required if they 
are to work together more effectively 
on problems of food and agriculture. 
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Science in the News 


Nixon on Education: His Policy 
Paper’ Endorses a Broad, Expensive 
Program of Federal Support 


The new policy paper issued this 
week by the Vice President was en- 
titled “A National Program of Support 
of Education,” and the broad and ex- 
pensive program it espoused carried 
Nixon well beyond anything the Presi- 
dent or the Republican Congressional 
delegations have been willing to support 
in the past. Indeed, Nixon’s public posi- 
tion becomes very close to Kennedy’s, 
the principal difference being that Ken- 
nedy is more explicit about the size of 
the programs he has in mind and about 
how much he would like to spend. 

Nixon proposed increased federal 
financial support to virtually every 
phase of the nation’s educational sys- 


tem, from elementary schools to adult 


education. The paper specifically advo- 
cates a loan program for colleges that 
Eisenhower vetoed, asks for a federal 
scholarship program, a much expanded 
student loan program, and a program 
of grants to private and state universi- 
ties to help finance expansion of facili- 
ties. It is a significant document, 
whether Nixon wins the election or not, 
for it places the leading Republican in 
the camp of the dominant wing of the 
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Democratic Party in accepting a basic 
role for the federal government in sup- 
port of the nation’s educational system. 

With few important exceptions, it 
has been customary to justify federal 
money for education on the grounds 
that an emergency program was needed 
to meet a specific critical situation. 
Federal aid to school construction, .to 
the extent that it has been accepted at 
all by conservative Republicans and 
Southern Democrats, has been justified 
as an emergency measure to meet the 
critical classroom shortage; the federal 
student loan and graduate fellowship 
programs were justified as emergency 
programs to meet a threatening critical 
shortage of scientists (hence the title: 
National Defense Education Act); aid 
to federally impacted school districts 
was justified as a measure to aid dis- 
tricts in which a great deal of untaxable 
property (an air base, for instance) 
placed an unsupportable burden on the 
community. 

To a great extent the “emergency” 
justification of many programs has 
been merely a convenient fiction to en- 
able legislators to vote for federal ac- 
tion without too obviously compromis- 
ing their adherence to the principle that 
education is a state and local, rather 
than a national problem. But the Nixon 
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Note 


1. The sales agent for FAO publications in the 
United States is the International Documents 
Service, Columbia University Press, 2960 
Broadway, New York 27, N.Y. 


paper makes a complete break with 
this approach. Nixon’s recommenda- 
tions for aid to public school construc- 
tion are justified only secondarily as 
a means of alleviating the temporary 
classroom shortage. The primary ob- 
jective, Nixon says, is to indirectly 
make money available to raise teach- 
ers’ salaries. Under a section headed 
“Loans, scholarships and fellowships” 
Nixon says: “A start, and a good one, 
has been made under the National De- 
fense Education Act. .. . But this was 
in a sense ‘emergency’ legislation. We 
should now extend and expand this 
program.” “All that we are and all 
that we hope to be,” says the paper, 
“depend not only on the wisdom but 
also the sense of urgency with which 
we develop and mobilize and apply 
our total brainpower. . . . The target 
of American education must be that 
every individual has the opportunity 
and the facilities to develop to the 
highest power the full range of his in- 
herent ability. There must be no arbi- 
trary barriers—neither racial nor eco- 
nomic.” The federal government, the 
paper makes clear, has a major share 
of the responsibility for seeing that this 
target is approached. 


Public Schools 


Under the program Nixon endorses, 
the essential line between the Repub- 
lican and Democratic approaches to 
federal aid to public schools is reduced 
from a_ basic difference in __atti- 
tude to a fine point in legislative 
technique. Kennedy and the Demo- 
crats have been advocating a program 
of about a billion dollars a year of fed- 
eral assistance to public schools, with 
the states and localities free to use the 
money not only for classroom con- 
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struction but for textbooks, equipment, 
and teachers’ salaries. Eisenhower 
made it clear that he would veto any 
such bill if it ever reached him. The 
Administration reluctantly endorsed a 
$350 million program limited strictly 
to construction funds to meet the class- 
room shortage. Taking the same view, 
the Republican platform specifically 
rules out federal aid to teacher salaries. 

Nixon pays lip service to this ap- 
proach by limiting aid to grants to 
pay for construction but in effect joins 
the Democrats in support of federal aid 
to salaries. The Nixon paper, for ex- 
ample, advocates federal grants to pay 
for servicing debts incurred by past 
construction. This is in addition to 
grants to pay for future construction, 
and its stated purpose is to allow the 
school districts to spend money on 
teacher salaries that would otherwise 
have to be earmarked for debt-servic- 
ing. 

The justification for this roundabout 
approach, according to a spokesman 
for Nixon, is that by limiting direct 
federal aid to construction funds the 
temptation of Congressional commit- 
tees to attach riders to the appropria- 
tion bills will be less than if the money 
were granted directly to the schools’ 
operating budgets. The spokesman gave 
as an example the rider attached to 
the National Defense Education Act 
providing that none of the money could 
be used to buy scientific equipment 
from Iron Curtain countries. The rider 
was opposed by the State Department 
on foreign policy grounds, by the Com- 
merce Department on international 
trade grounds, and by the Health, Edu- 
cation, and Welfare Department on 
the grounds that it was unwarranted 
interference in the affairs of the schools 
receiving the money. The rider never- 
theless was attached to the bill and al- 
most certainly will remain there as long 
as the bill is in effect. 

But whether limiting federal aid to 
construction rather than operating 
budgets would actually lessen the temp- 
tation to attach such riders is not only 
somewhat debatable but a comparative- 
ly fine point. If this indirect system of 
aid to teacher salaries proved unwork- 
able after a trial (if, for example, it 
were found that some school districts 
were using the federal grants simply 
to reduce local taxes rather than to 
increase teachers’ salaries) it would be 
only a small step to move to a direct 
program of aid to teacher salaries. In 
effect Nixon has moved as close to the 
Democratic position on this issue as it 
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is politically possible for him to do 
without plainly offending a great many 
of his supporters, including Dwight 
Eisenhower. 


Colleges and Universities 


At the college level Nixon advocates 
“as a top priority target” federal schol- 
arships of up to $1000 a year “based 
on need and competitive examinations 
. ... for our ablest secondary school 
graduates.” He calls for an expansion 
of the student loan program. He says 
Congress should consider making col- 
lege tuition tax-deductible, although he 
avoids flatly advocating this. 

Kennedy opposes this step on the 
grounds that the government is going 
to need all the revenue it can get in 
the years ahead. The Democrats have 
been advocating cutting tax concessions 
generally as a means of minimizing the 
need for outright tax increases. It is 
a politically touchy target and would 
be just so much more difficult to 
achieve if the Administration were to 
advocate new concessions to some tax- 
payers at the same time it was advo- 
cating the elimination of well-estab- 
lished concessions to others. These 
considerations presumably account for 
Nixon’s only lukewarm endorsement 
of this popular idea. 

In the area of federal aid to colleges 
Nixon not only endorses a loan pro- 
gram which has been opposed by 
Eisenhower but goes on to advocate 
a program of grants as well. At the 
beginning of the year the President 
recommended that the current pro- 
gram of loans to colleges for building 
dormitories be dropped. Congress 
nevertheless passed a bill making an 
additional $500 million available for 
these low-interest loans. The President 
signed the bill rather than give the 
Democrats a campaign issue. Nixon 
not only endorses the dormitory loans 
but asks that the program be extended 
to cover loans for classrooms and other 
buildings. A year ago Eisenhower cited 
as one reason for vetoing a Democratic 
housing bill the fact that it included 
just such a program for loans for 
college classrooms. 

In other areas Nixon proposed a 
variety of grants and loan programs for 
strengthening the teaching process, for 
offering financial assistance to teachers 
and to students preparing for teaching 
careers, for expanding medical edu- 
cational facilities, and an expansion of 
existing programs for vocational train- 
ing, education of the handicapped, li- 
braries, and adult education. 


Summing up, Nixon said that the 
program outlined showed “the elements 
of a broad program of federal en- 
couragement to American education. | 
do not claim that it is exhaustive or that 
each element in it must be adopted in 
one precise form—that nothing more 
or less will do. Clearly, it will be the 
job for the executive and the Congress 
to work out the details, to estimate 
costs, and to make precise outlays for 
the period of testing ahead.” Nixon 
said that the federal government could 
not be expected to solve all the prob- 
lems, that its funds are not limitless, 
But the federal government, said Nixon, 
“must fulfill its traditional role of 
calling the nation’s total resources, in 
all their local and private centers of 
authority, to effective action. We have 
no time to lose.” 


Republican Platform 


In contrast to Nixon’s position, the 
Republican platform, even after being 
strengthened at Nixon’s insistence, is 
very cautious on the role of the federal 
government in education. It says: “the 
federal government should assist selec- 
tively in strengthening education.” It 
endorses federal aid to school construc- 
tion and pledges the continued support 
and in some cases extension of a num- 
ber of programs already in effeet. But 
later on the platform takes note again 
of the “temporary” and “declining” 
shortage of construction funds. “We 
believe,” the platform says, “that any 
large plan of federal aid to education, 
such as direct contributions to or grants 
for teachers’ salaries can only lead ul- 
timately to federal domination and 
control of our schools, to which we 
are unalterably opposed.” The Nixon 
program is a large program. Speaking 
for the Vice-President, Arthur Flem- 
ming, Secretary of Health, Education 
and Welfare, who was principally re- 
sponsible for putting the program to- 
gether, told the press that it was about 
as big a program as anyone could re- 
alistically expect to push through Con- 
gress. 

Meanwhile the issue of teachers’ sal- 
aries received delicate handling by 
Nixon during the debate Monday night. 
He opposed putting teachers on the 
federal payroll because of the danger 
of federal control. But no one is advo- 
cating putting teachers on the federal 
payroll. The Democrats say they want 
to make money available to the states, 
which the states can then use for teach- 
ers’ salaries if they choose to do s0. 
Nixon, as both the paper and other re- 
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marks during the debate made clear, 
would like to do the same thing, except 
in a more roundabout way. But Nixon’s 
somewhat evasive handling of this issue 
was unavoidable. Just as Kennedy was 
evasive when it was suggested that his 
program would require tax increases, 
since no one runs for office on a pledge 
to raise taxes, so Nixon, as the Republi- 
can candidate, could hardly run for of- 
fice on a commitment to move the fed- 
eral government into an area where the 
conventional wisdom, to use Galbraith’s 
phrase, insists that the federal govern- 
ment must not intrude. In fact, the pro- 
posals of either candidate, if carried 
out, would involve a certain amount of 
federal guidance, if not federal control, 
of education. But this is something the 
public is not yet ready to hear and that 
candidates for office are therefore not 
yet ready to talk about.—H.M. 


News Notes 


Committees Named for 
AAAS-Westinghouse Awards 


Nine representatives from the fields 
of journalism, science, and education 
have been named to select the winners 
of the 1960 AAAS-Westinghouse Sci- 
ence Writing Awards. The nine, who 
will compose the screening and judging 
committees, will select the best science 
writing, exclusive of that in medicine, 
to appear in the nation’s newspapers 
and general magazines during the cur- 
rent contest year. The writer of the 
best science story in each of the two 
types of publications will be awarded 
$1000. The awards will be presented at 
the annual meeting of the AAAS in New 
York in December. 

The judges are Earl English, dean 
of the school of journalism at the Uni- 
versity of Missouri; Alfred Friendly, 
managing editor of the Washington 
Post and Times Herald; George Gallup, 
director of the American Institute of 
Public Opinion; Morris Meister, presi- 
dent of Bronx Community College; 
Gerard Piel, publisher of Scientific 
American; and Alan T. Waterman, di- 
rector of the National Science Founda- 
tion. 

The screening committee has the fol- 
lowing members: Hillier Kriegbaum, de- 
partment of journalism, New York Uni- 
versity; Sidney Negus, department of 
biochemistry, Medical College of Vir- 
ginia; and James Stokley, school of 
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journalism, Michigan State University. 

The AAAS-Westinghouse Science 
Writing Awards were established to give 
recognition and encouragement to out- 
standing science writing, to stimulate 
public interest in science, and to foster 
a deeper understanding of the signifi- 
cance of science by the general public. 
The AAAS, the National Association 
of Science Writers, and Westinghouse 
cooperated in setting up the awards, 
which are supported by a grant from 
the Westinghouse Educational Founda- 
tion. 

Entries in the newspaper competi- 
tion must have been published between 
1 October 1959 and 30 September 1960; 
in the magazine competition, entries 
must have appeared in editions dated 
between October 1959 and September 
1960, inclusive. To be eligible, all en- 
tries must be posted before midnight 
10 October 1960 and must have been 
published in a newspaper or magazine 
within the United States. 

Inquiries about the competition and 
requests for entry blanks by entrants 
or their editors should be addressed 
to: Graham DuShane, Administrator, 
AAAS-Westinghouse Science Writing 
Awards, 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


Nuclear Blasting Plan for Alaska 
Protested by Wilderness Society 


The Atomic Energy Commission’s 
plans to use nuclear explosions to blast 
a harbor in Alaska led the council 
of the Wilderness Society, at its recent 
annual meeting at Pine Creek Camp 
near Salmon, Idaho, to adopt the fol- 
lowing protest resolution: 

“Project Chariot is an attempt by 
the Atomic Energy Commission ex- 
perimentally to blast a harbor at Cape 
Thompson in Alaska by nuclear deto- 
nations of one 200-kiloton bomb and 
four 20-kiloton bombs. The bomb 
which destroyed Hiroshima was one of 
these smaller bombs. Although studies 
are being made of wildlife in the region, 
including the neighboring sea, there is 
inadequate evidence of the effect of 
such detonations on wildlife. It is un- 
questionable that such detonations 
would unalterably destroy the wilder- 
ness area of the westerly end of the 
Brooks Range, our last great wilder- 
ness area in the world not in a tropical 
region. It would destroy the habitat of 
a large number of land and marine 
species and the nesting areas of numer- 
ous species of birds. 


“Not only might the Eskimos in the 
region be affected by the damage to 
the land and the living things on which 
they depend for their sustenance, but 
the danger of radiation, small as it 
seems to be by comparison to above- 
ground detonations, might affect people 
over far greater areas. Furthermore, 
the blasting of a harbor on the Bering 
Sea is a threat to marine life at all 
ocean depths and over a great expanse. 
There is no limitation to the mobility of 
oceans.” 


Government’s Environmental 
Health Programs Reorganized 


Four new divisions have been estab- 
lished in the Public Health Service’s 
Bureau of State Services in a reorgani- 
zation move designed to strengthen en- 
vironmental health programs and to im- 
prove the administration of various 
other programs. 

Air pollution work, formerly divided 
into medical and engineering units, will 
be handled by a Division of Air Pollu- 
tion. Vernon G. MacKenzie, a career 
engineer officer of the Service who has 
been engaged in air pollution control 
for the past 10 years, is chief of the 
new division. Richard A. Prindle, a 
physician who has specialized in the 
health aspects of air pollution and has 
been chief of the Service’s air pollution 
medical program for the last 2 years, 
is the deputy chief. 

Occupational health activities are 
being concentrated in a new Division of 
Occupational Health, headed by Harold 
J. Magnuson, who has been directing 
the PHS’s occupational health program 
for the past 4 years. By raising the pro- 
gram to division status, it will be pos- 
sible to increase the funds and man- 
power devoted to research on new 
chemicals and other industrial products 
and to develop better safeguards for the 
workers who process them. Since many 
health problems*in the work environ- 
ment are similar to those in the general 
environment, this division will also con- 
tribute to the effort to protect the pub- 
lic from new ‘types of environmental 
health hazards. 

A Division of Nursing, with Marga- 
ret Arnstein, a career nurse officer as 
chief, merges two former divisions: the 
Division of Public Health Nursing, 
which operated as a part of the Bureau 
of State Services, and the Division of 
Nursing Resources, which operated as a 
part of the Bureau of Medical Re- 
sources. 
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A Division of Dental Public Health 
and Resources, under the leadership of 
Donald J. Galagan, a career dental offi- 
cer, merges the former State Services 
Division of Dental Public Health and 
the former Medical Service’s Division 
of Dental Resources. All four new di- 
visions began operation on 1 September. 


U.S. Offers to Place Four 
Reactors under IAEA Safeguards 


The United States has offered to 
place four of its reactor facilities under 
the provisionally approved safeguards 
system of the International Atomic 
Energy Agency. John A. McCone, head 
of the United States delegation and 
chairman of the United States Atomic 
Energy Commission, made the offer at 
the fourth general conference of the 
agency in Vienna, Austria, which 
opened its 2-week session on 20 Sep- 
tember. The four reactors are the 
Brookhaven Graphite Research Re- 
actor at Brookhaven National Labora- 
tory, Upton, N.Y.; the Medical Re- 
search Reactor at Brookhaven; the Ex- 
perimental Boiling Water Reactor at 
Argonne National Laboratory, Ar- 
gonne, Ill.; and the Piqua Organic 


The west face of the Brookhaven Graphite Research Reactor at the Brookhaven Na- 
tional Laboratory. On the first balcony, physicists and chemists are measuring the energy 
from beams emerging from the reactor, while on the ground floor and on the second 


Cooled and Moderated Power Reactor, 
Piqua, Ohio. 

The United States offer was made 
to demonstrate the workability of 
agency safeguards and would provide, 
in effect, a field laboratory in which 
safeguards inspection methods and tech- 
niques would be tested and improved. 
The IAEA safeguards system has been 
developed to assure that nuclear as- 
sistance made available through the 
agency is not used to further any mili- 
tary purpose. The system was pro- 
visionally approved by the agency’s 
board of governors in April. 


News Briefs 


Soviet metabolic research. A team 
of five American scientists arrived in 
Moscow on 26 September for an 18- 
day survey of the progress of metabolic 
disease research in the Soviet Union. 
The mission is sponsored by the Na- 
tional Institute of Arthritis and Metabol- 
ic Diseases of the U.S. Public Health 
Service. It is part of the scientific-cul- 
tural exchange program under the 1958 
Lacy-Zaroubin Agreement between the 
United States and the Soviet Union. 
Under the program Soviet scientists vis- 


balcony, health physicists are monitoring the ports to check for possible radiation leaks. 
This reactor is one of the four which the United States has offered to place under the 


proposed safeguards system of the International Atomic Energy Agency. The Brook- 
haven National Laboratory is one of the Atomic Energy Commission’s principal re- 


search facilities. 
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ited U.S. laboratories last February. The 
group in the U.S.S.R. includes Floyd S. 
Daft, William H. Sebrell, Jr., J. Murray 
Luck, Currier McEwen, and Clifford J. 
Barborka. 

* 

Biological Abstracts. Biological Ab- 
stracts will dedicate its newly renovated 
headquarters building in Philadelphia 
with a symposium, 6—7 October, on 
problems and trends in scientific com- 
munications. The organization publishes 
abstracts of biological publications from 
countries all over the world, including 
those behind the iron and bamboo cur- 
tains. Leading biologists who will at- 
tend the dedication ceremonies and 
participate in the symposium include: 
Biological Abstracts director G. Miles 
Conrad, Foster E. Mohrhardt, John J. 
O’Connor, William C. Steere, Wallace 
O. Fenn, Sidney Weinhouse, Milan J. 
Kopac, Conway Zirkle, John S. Nicho- 
las, Lloyd W. Hazleton, Paul B. Sears, 
and James G. Horsfall. 

U.S. population. This summer the 
Census Bureau estimated the present 
population of the United States to be 
approximately 179,500,000, an increase 
of 28 millions (18.5 percent) since 1950, 
the largest gain for any decade in 


American history. Alaska, with an in- , 


crease of 74 percent—from 128,643 in 
1950 to 223,888 in 1960—is outstrip- 
ping all other states in percentage of 
population increase. 

Education and civil defense. The 
American Council on Education has 
announced the appointment of a com- 
mittee to prepare a special report con- 
cerning higher education and civil de- 
fense. Thomas H. Hamilton, president 
of the State University of New York, 
is chairman. Operating under a contract 
with the Office of Civil and Defense 
Mobilization, the committee will bring 
up to date the council’s 1954 publica- 
tion, Civil Defense and Higher Educa- 
tion. The first meeting of the new com- 
mittee will be held in November at 


OCDM headquarters, Battle Creek.. 


Mich. 
~ & 

Polio control. The Public Health Serv- 
ice has announced the formation of a 
Surgeon General’s Committee on Polio- 
myelitis Control to be made up of rep- 
resentatives of the medical and health 
professions and the general public. The 
heads of 23 organizations are being 
asked to designate members to serve on 
the committee, which will consider inte- 
grating a live poliomyelitis vaccine pro- 
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gram with the current Salk vaccine pro- 
gram. 

The use of live virus vaccine in the 
American population poses a number of 
special problems. It has been suggested 
that the administration of the live virus 
vaccine will be more appropriate on a 
community than on an individual basis, 
some experts having expressed fear that 
the vaccine might revert to virulency 
after many trips through the human in- 
testines unless large groups established 
immunity simultaneously. All trials of 
the vaccine so far have been on a mass 
inoculation basis. 

* 

Spectrum of Jupiter. An analysis of 
spectrograms of the planet Jupiter has 
recently been completed at the National 
Bureau of Standards. For the first time 
detailed wavelength measurements have 
been made of the lines in various ab- 
sorption bands of methane and am- 
monia. In the infrared region, four lines 
of the quadrupole rotation-vibration 
spectrum of the hydrogen molecule 
were found, confirming the presence of 
hydrogen in Jupiter’s atmosphere. In 
the violet and ultraviolet regions, a con- 
tinuous absorption was recorded that 
closely resembles that of the nitrogen 
tetroxide molecule. Another investiga- 
tion is planned in which equipment 
especially appropriate to the study of 
the far ultraviolet region will be used. 

* * * 

Scientists in the Congress. Only 15 
members, or less than 3 percent, of the 
U.S. Senate and House of Representa- 
tives have had any extensive scientific 
training or background, whereas more 
than 25 percent of the deputies of the 
Supreme Council of the Soviet Union 
are scientists, according to a recent sur- 
vey conducted by Science Service. 

* * * 

Primer on water. The U.S. Depart- 
ment of the Interior’s Geological Sur- 
vey has issued a nontechnical pamphlet, 
A Primer on Water, written in two 
parts. Part 1 covers the science of hy- 
drology, and part 2 is concerned with 
the magnitude and use of the total 
supply of water in the United States. 

The pamphlet notes that the country 
as a whole receives an average of about 
30 inches of precipitation each year; 
that almost three-fourths of this amount 
is returned to the atmosphere by evapo- 
ration and transpiration; and that the 
remaining one-fourth contributes to 
runoff and ground storage and consti- 


tutes the water available for withdrawal.. 


This means that the available 25 per- 
cent amounts to an average yield of 
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some 1,300,000,000 gallons per day, 
or 7500 gallons daily for every man, 
woman, and child in the country. The 
primer may be purchased for 35 cents 
‘from the Superintendent or Documents, 
Government Printing Office, Washing- 
ton 25, D.C. 


Scientists in the News 


Lewis R. Koller, physicist, retired 
recently after 34 years with the Gen- 
eral Electric Research Laboratory in 
Schenectady, N.Y. He has joined the 
staff of the National Research Corpora- 
tion, Cambridge, Mass. 

Koller joined General Electric in 
1922 as a physicist at the Edison Lamp 
Works, a year after receiving his Ph.D. 
degree from Cornell University. He 
shifted to the Research Laboratory in 
1926, where he worked with the late 
Saul Dushman in pioneering studies 
of vacuum techniques and electron 
emission. 

He has made important contributions 
in such diverse fields as electron-tube 
technology and medical sterilization. 
His studies of oxide-coated cathodes 
have contributed to the former field, 
and his work on the germicidal effect 
of ultraviolet radiation has advanced 
the latter. Koller is also well known for 
his work in photoelectricity, especially 
the use of cesium in photoelectric cells; 
cathode luminescence (the effect that 
produces light on a television screen); 
and electronic properties of very thin 
films. His writings include two books, 
The Physics of Electron Tubes .and 
Ultraviolet Radiation. 


Lewis R. Koller 


Recent appointments to the staff of 
the U.S. Bureau of Commercial Fish- 
eries’ Honolulu Biological Laboratory 
include appointment of Lucian M. 
Sprague as chief of Sub-population In- 
vestigations and Wilvan G. Van Cam- 
pen as head of Scientific Services. 
Sprague will study the identity and dis- 
tribution of blood-group systems in 
fishes, particularly tunas, and the genet- 
ics of fishes in general. Van Campen 
will serve as scientific editor for the 
laboratory. 


Two American scientists recently re- 
ceived honorary degrees from the Tech- 
nical University of Norway at Trond- 
heim during a program celebrating the 
university’s 50th anniversary—Olaf A. 
Hougen, professor of chemical engi- 
neering at the University of Wiscon- 
sin’s College of Engineering, and Lars 
Onsager, professor of physical chemis- 
try at Harvard University. 


S. S. Stevens, professor of psychology 
at Harvard University, has received the 
$1000 Distinguished Scientific Contri- 
bution Award of the American Psy- 
chological Association. He was cited 
for his work in the “new psychophys- 
ics,” in which sensations such as loud- 
ness and brightness have been shown 
to increase as power functions of stimu- 
lus magnitude. 


World Health Organization director- 
general M. G. Candau has announced 
the appointment of Fred Grundy, Man- 
sel Talbot professor of preventive medi- 
cine at the Welsh National School of 
Medicine, Cardiff, Wales, as a new and 
fourth assistant director-general of the 
organization. Grundy will officially 
take up his new duties in 1961 but will 
attend WHO’s executive board meeting 
in October. 


Robert J. Schnitzer, formerly head 
of the chemotherapy department of 
Hoffmann-La Roche Inc., Nutley, N.J., 
has joined the scientific staff of Aca- 
demic Press, New York. 


Merle M. Andrew, director of math- 
ematical sciences at the Air Force Office 
of Scientific Research, has received a 
eash award and citation for his “sus- 
tained superior performance of duty” 
during the past fiscal year. He was 
honored for his establishment of an out- 
standing program of mathematical re- 
search, in which some of the most emi- 
nent mathematicians in the United States 
and other countries participated. 
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The State University of New York’s 
Downstate Medical Center, Brooklyn, 
has announced the appointment of Lud- 
wig W. Eichna, formerly professor of 
medicine at New York University Col- 
lege of Medicine, as professor and 
chairman of the department of medi- 
cine and of I. Charles Kaufman, for- 
merly associate professor of psychiatry 
at Boston University School of Medi- 
cine, as professor and chairman of the 
department of psychiatry. 

Eichna succeeds Perrin H. Long, who 
has retired from the chairmanship but 
who will remain on the faculty as pro- 
fessor of medicine. Kaufman succeeds 
Howard W. Potter, who retired as pro- 
fessor and chairman in 1957 and whose 
post has been filled for the past 3 years 
by David Engelhardt, associate profes- 
sor of psychiatry, as acting chairman. 
Engelhardt will remain on the faculty 
as associate professor of psychiatry. 


Sidney Mittler, formerly research bi- 
ologist at the Armour Research Foun- 
dation of Illinois Institute of Tech- 
nology, is now a professor in the de- 
partment of biological sciences, North- 
ern Illinois University, De Kalb. 


Hermann H. Kurzweg, professor in 
the department of aeronautical engi- 
neering at the University of Maryland 
and a member of the graduate faculty 
there, has been named assistant director 
for Aerodynamics and Flight Mechanics 
in the National Aeronautics and Space 
Administration’s Office of Advanced Re- 
search Programs. He succeeds Milton 
B. Ames, Jr., who was recently ap- 
pointed deputy to Advanced Research 
Programs director Ira H. Abbott. 


The American Institute of Biological 
Sciences has announced the establish- 
ment of two new positions on the senior 
staff: John R. Olive, for the past year 
assistant executive director, has been 
named deputy executive director, and 
Howard F. Campbell, comptroller, has 
been appointed administrative officer. 


Louis K. Diamond of the department 
of pediatrics, Harvard Medical School, 
and Children’s Hospital Medical Cen- 
ter, Boston, has left for a 4-month trip 
to the Near East, Central Africa, and 
Latin America, under a travel grant 
from the Rockefeller Foundation. He 
is making a survey of the incidence, 
types, and severity of anemias in chil- 
dren with kwashiorkor, or nutritional 
failure. He will also lecture on pediat- 
rics in various cities. 
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Michael Laskowski 


Michael Laskowski, professor of bio- 
chemistry at the Marquette University 
School of Medicine, has been awarded 
a $111,000 faculty grant by the Ameri- 
can Cancer Society. The grant, which 
enables the university to create a posi- 
tion for the academic lifetime of an in- 
vestigator, is the 13th such award made 
by the American Cancer Society. The 
special program was established to sup- 
port investigators of extraordinary 
promise in the fields of medical, biologi- 
cal, and related physical sciences. Las- 
kowski is an enzyme chemist who has 
worked primarily with catalysts which 
split nucleic acids and proteins. 

Also at Marquette, Adolf L. Kappus, 
professor and chairman of the depart- 
ment of microbiology and immunology, 
has been appointed a consultant for the 
International Cooperation Administra- 
tion in El Salvador, effective 1 October. 
He is in San Salvador, where he is serv- 
ing as an adviser to the University of 
El Salvador Medical School and the 
Ministry of Health and Social Assist- 
ance. 


R. Ruggles Gates, anthropologist, 
formerly of Cambridge, Mass., is now 
living in London (46 Lincoln House, 
Basil St., Knightsbridge, London, 
S.W.3). 


Recent Deaths 


Martha Doan, Franklin, Ind.; 87; 
chemistry professor and dean of 
Women at Earlham College from 1915 
to 1926, and at Iowa Wesleyan Uni- 
versity from 1929 to 1937; translated 
Fritz Poneth’s Radio Elements as In- 


dicators and Other Selected Topics in 
Inorganic Chemistry; 15 Apr. 

Ralph E. Dunbar, Fargo, N.D.; 65; 
dean of the School of Chemical Tech- 
nology at North Dakota Agricultural 
College since 1945; 5 Sept. 

Sir Arthur P. M. Fleming, London, 
England; 80; electrical engineer whose 
development of electronic techniques 
helped to make radar possible; was for 
many years with British Westinghouse, 
subsequently with the Metropolitan 
Vickers Electrical Company, first as 
insulation expert, then as transformer 
designer, and later as manager of re- 
search and education; served on many 
private and governmental educational 
advisory bodies; knighted for his serv- 
ices to education; 14 Sept. 

Ernest W. Goodpasture, Nashville, 
Tenn.; 73; professor of pathology and 
former dean of the Vanderbilt Univer- 
sity Medical School; his research in 
1931, in which he used live chicken 
embryos to cultivate viruses for 
a mumps vaccine, paved the way for 
mass production of vaccine against ty- 
phus, influenza, smallpox, and yellow 
fever; from 1955 until his retirement 
last year, was scientific director, de- 
partment of pathology, Armed Forces 
Institute of Pathology at the Walter 
Reed Army Medical Center in Wash- 
ington; had been a director of the In- 
stitute of Nuclear Studies and a scien- 
tific director in the international health 
division of the Rockefeller Foundation; 
was a former president of the Associa- 
tion of Pathologists and Bacteriologists 
and of the Society of Experimental 
Pathologists and a former vice presi- 
dent of the AAAS; 20 Sept. 

Brother George Lewis, Philadelphia, 
Pa.; 71; professor of mathematics and 
former dean and vice president at La 
Salle College; president of Scranton 
University 1925-31; 8 Sept. 

Vincent J. McLaughlin, New York, 
N.Y.; 46; psychologist and educator; 
a member of the faculties of both 
Fordham and Hunter College as a lec- 
turer in psychology and education; 17 
Sept. 

Julius Molnar, New York, N.Y.; 63; 
a pathologist and director of the Stuy- 
vesant-Polyclinic Laboratory and the 
Molnar Laboratories; conducted re- 
search on cholesterol metabolism; 18 
Sept. 

Dorothy Waldo, Plainfield, N.J.; 75; 
an educator for 44 years whose last 
position was that of professor of educa- 
tional psychology at Douglass College 
(women’s college within Rutgers Uni- 
versity), 1939-52; 19 Sept. 
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Bask Reviews 


A History of Metals. vol. 1 and vol. 2. 
Leslie Aitchison. Interscience, New 
York, 1960. xxi + xvii + 648 pp. 
Illus. $30. 


These two large volumes, with 8%- 
by 11-inch pages, contain “a biography, 
not of men but of a family of sub- 
stances” (page v, vol. 1). The author 
“first took industrial employment” in 
1909 in a factory where an old-fashion- 
ed tilt-hammer “was functioning with 
complete satisfaction” (page 310), and 
he has seen and made contributions to 
many changes in the industry of metals. 
On the foundation of his own experi- 
ence, Aitchison now describes the his- 
tory of metals from the earliest times 
to the discovery of the transuranium 
elements. He narrates in a pleasingly 
readable style the complex cultural, po- 
litical, economic, and_ technological 
aspects of metals in history. 

The impact of metals on cults and 
on cultures went so deep that ancient 
religions included such figures as the 
Egyptian Ptah (in the third millenium), 
the ‘‘master of the gold-smiths and gold- 
smelters,” who had among his priests 
the “great wielder of the hammer” and 
one “who knows the secrets of the gold- 
smiths” (page 263); Hephaistos, “the 
lame god of the forge and smithy”; 
and the Roman god Vulcan. In many 
old legends, the smith was endowed 
with magic powers. Gold was used in 
religious art—for example, in the mag- 
nificent necklace from Ur (about 2600 
B.C., frontispiece, vol. 1), and copper 
was used for the bull’s head from Al 
‘Ubaid (2800 B.c., Fig. 6). 

But Aitchison reminds us that metals 
were also used for making weapons. In 
the Sth century B.c. Herodotus de- 
plored woeful applications of iron. The 
elder Pliny called iron “the best and 
worst servant of humanity” (page 1). 
More cheerful was the outlook of 
Bartolommeus Anglicus, the Franciscan 
friar who lived around 1250: “Without 


yron the comminaltie be not sure 


against enemies . . . no field is eared 


without Yron, neither tilling crafte 
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used, no building builded without yron 
.«-” (page 345). 

Political influences altered the rate 
and the course of developments. The 
disintegration of the Roman Empire 
threw metal businesses back to the stage 
they had attained about 1000 years 
earlier. The conquests in the New World 
were largely inspired by the hope of 
gaining precious metals. Large amounts 
of gold and silver from the new sources, 
estimated at the equivalent of almost 
$500 million, entered Europe by way 
of Spain; consequently, the purchasing 
power of these metals fell, so that “at 
the end of the sixteenth century Span- 
ish prices had rocketed to about two 
and a quarter times the level for the 
years 1521 and 1525” (page 370). 
Henri Sainte-Claire Deville was en- 
couraged in his search for a commercial 
production of aluminum by Napoleon, 
who hoped the new metal would pro- 
vide lightweight armament. 

Technologically, some of the main 
problems were to obtain high tem- 


peratures and power. As recently as 

. 1632, Jordan obtained a patent for re- 
placing wood fuel by coal, peat, and 
turf in certain smelting operations (page 
432). The new system in chemistry and 
the great discoveries.of elements in the 
18th century brought many changes in 
the history of metals. A new “age of 
alloys” started about 1890 (page 583). 
And yet, the method of making hollow 
castings by the lost-wax process, which 
stems from “well before the middle of 
the third millenium” (page 197), is 
still “the most satisfactory method so 
far developed for fabricating engine 
components in some of these special 
alloys . . .” (page 602). 

The historian trying to recreate the 
great story of the metals has to solve 
problems in organizing and selecting 
his materials. Aitchison has organized 
his story well, but his selections, espe- 
cially for the latter part of his book, will 
scarcely find general approval. He could 
have shortened the rather well-known 
stories of atomic theory and of the 
periodic system of the elements to make 
room for an account of the chemicai 
properties and uses of metals and their 
alloys. It is not adequate to the scope 
of this book to say of stainless steels 
only that “now everybody knows them 
in the forms of sink-units and kitchen 
equipment” (page 583). Besides, when 
Harry Brearley is mentioned as an in- 
ventor, it would be only just to name 
Strauss instead of, or together with, 
“Krupps at Essen.” 


Twisted gold torc from Grunty Fen (near Ely, Cambridgeshire, England), about 1600 
to 1500 B.c. [Courtesy University Museum of Archaeology and Ethnology, Cambridge 


University, from A History of Metals]. 
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Several annoying errors in chemical 
history could easily have been avoided. 
Basilius Valentinus is treated as a real 
person, although, even in this book, 
mystery surrounds him; he is supposed 
to have preceded Paracelsus by about 
a century (page 291) and yet to have 
survived to publish work in 1650 (page 
482). The phlogiston theory is de- 
scribed as having been “exploded by 
Lavoisier and his English contempo- 
raries” (page 294), of whom Priestley 
and Cavendish, those stout phlogiston- 
ians, are specifically named (page 476). 
It is not true that “during the first half 
of the eighteenth century, the halogen 
elements were discovered, as were also 
boric and phosphoric acids” (page 
479). 

There are a few more such minor 
blemishes, but instead of listing them 
here, the great value of this book should 
be emphasized. Its skillful and many- 
sided description of the history of 
metals is greatly enhanced by profuse 
illustration. This includes maps of the 
ancient world, clear outline drawings 
and pictures, 262 in all, placed right 
on, or very close to, the page on which 
their story is told. Some of them are 
dramatically confronted—for example, 
the iron-carbon equilibrium diagrams 
(Figs. 246 and 247); a sculpture by 
Rodin and the propeller for the liner 
R.M.S. Queen Elizabeth (Figs. 256 and 
257). 

In addition to references at the end 
of each of the 15 chapters, there are 6 
pages listing “some sources.” Studying 
all these references brings to mind Peter 
Guthrie Tait’s remark in the introduc- 
tion to his “Sketch of thermodynamics” 
(1877) about “the old absurd British 
contempt for all things foreign. . . .” 
Aitchison cites very few American 
books, only two German, and no French 
or other “foreign” publications. The 
old French works by Hassenfratz, the 
newer ones by Léon Guillet and Ber- 
trand Gille, Sten Lindroth’s Swedish 
book on Stora Kopparberg, and the 
many German ones—by Beck, Osann, 
Tammann, and others—do not appear 
in this bibliography. At least, John 
Webster’s Metallographia or an History 
of Mettals, first published in London 
in 1661, should be listed in a second 
edition of Aitchison’s work, and, in 
view of its great merit and beauty, a 
second edition should soon become 
necessary. 

EDUARD FARBER 
4530 Brandywine Street, NW, 
Washington, D.C. 


Anthropological Papers. Numbers 57- 
62. Bulletin 173, Bureau of Ameri- 
can Ethnology. Smithsonian Institu- 
tion, Washington, D.C., 1960 (order 
from Supt. of Documents, GPO, 
Washington 25). iv + 498 pp. Illus. 
$3.25. 


Bulletin 173 is a collection of six 
papers on specialized topics. Three 
papers (Nos. 57, 58, and 62) discuss 
restricted archeological manifestations 
in the United States. Paper 57, C. G. 
Holland’s “Preceramic and ceramic cul- 
tural patterns in northwest Virginia,” is 
an excellent example of the useful re- 
sults obtained by pooling amateur and 
professional efforts: Holland, the ama- 
teur, contributed an intimate knowl- 
edge of the area and several years of 
careful collecting, and Clifford Evans 
and Betty Meggers of the Smithsonian 
Institution provided the systematic 
framework which makes the report a 
valuable first approximation of the cul- 
tural sequence in northwestern Virginia. 
Paper 58 is “An introduction to Plains 
Apache archeology—the Dismal River 
aspect,” by James H. Gunnerson, who 
concludes that the group of sites, chiefly 
in western Nebraska, comprising the 
aspect represent the final phase (about 
A.D. 1700) of Apache domination of 
the High Plains. Gunnerson further 
suggests from archeological evidence 
that the southwestern Athabascans 
(Apache and Navaho) came to the 
southwest via the High Plains around 
A.D. 1525. The third archeological pa- 
per (No. 62) is “Stone tipi rings in 
north-central Montana and the adja- 
cent portion of Alberta, Canada: their 
historical, ethnological, and archeologi- 
cal aspects,” by Thomas F. Kehoe. 
Kehoe concludes that most of the cir- 
cles of stones in the area (and prob- 
ably elsewhere in the Plains) are in 
fact tipi cover weights, although this 
explanation will not serve for all types 
of configurations of stones. The remain- 
ing three papers are a miscellany in- 
cluding No. 59, “The use of the atlatl 
on Lake Patzcuaro, Michoacan,” by 
M. W. Stirling; No. 60, “A Caroline 
Islands script,” by Saul H. Riesenberg 
and Shigeru Kaneshiro; and No. 61, 
“Dakota winter counts as a source of 
Plains history,” by James H. Howard. 
Stirling’s paper describes one of the 
few survivals of the spear thrower, a 
device of Paleolithic antiquity. How- 
ard describes nine hitherto unpublished 
“winter counts”—annual pictographic 
records of outstanding events drawn on 


hides or cloth—and comments on their 
consistency and chronological reliabil- 
ity. Riesenberg and Kaneshiro present 
an interesting study of cultural inno- 
vation—the development by stimulus 
diffusion of a syllabic system of writing 
derived from European writing through 
an American missionary and _ native 
intermediaries. 

ALBERT C, SPAULDING 
National Science Foundation, 
Washington, D.C. 


The Physiology of Crustacea. vol. 1, 
Metabolism and Growth. Talbot H. 
Waterman, Ed. Academic Press, New 
York, 1960. xvii + 670 pp. Illus. $22. 


This is a valuable book, comprising 
17 reviews of aspects of crustacean 
physiology by a well-chosen group of 
authors and coauthors; the whole is 
well edited, unified, documented, and 
indexed. In its general level and ap- 
proach it may be compared with Insect 
Physiology, edited by K. D. Roeder 
(Wiley, 1953), although the completed 
Physiology of Crustacea (two volumes 
are planned) is scheduled to have twice 
as many contributors as the earlier 
work. 

Naturally, the treatment accorded the 
various topics in this first volume is as 
diverse as one might expect from its 18 
contributors. The length of the chap- 
ters varies. with the scope of the se- 
lected topics from as little as 12 pages 
in chapter 12 (“Ecology and metabo- 
lism,” by Florkin) to 57 pages in chap- 
ter 2 (‘“Respiration,” by Wolvekamp 
and Waterman), and the number of ref- 
erences per chapter also varies, from 56 
to 257, averaging 109. Some idea of the 
extensiveness of the review coverage 
might be gained from the fact that the 
author and coauthor index includes 
1208 names, many of which represent 
more than one paper. Since each chap- 
ter has its own bibliography (unlike the 
single bibliography of Insect Physi- 
ology), there is repetition of titles, and 
I did not attempt to determine the 
actual number of separate papers cited; 
as a guess, I would say over 1400. 

One aspect of the excellent editing of 
this work is seen in the extensive in- 
dexes, which total 78 pages (about 12 
percent of the book). There is an author 
index, indicating by page and super- 
script numerals each point at which an 
author is cited; in most instances au- 
thors are not cited by name in the text. 
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With the index, the curious researcher 
can easily check all citations of his own 
work without having to read the whole 
book. If, however, he does read the 
book, as he should, he will find the 
second or systematic index even more 
useful. The editor has followed the 
practice of referring to a given species 
by one specific name, that considered 
currently most valid (presumably by 
Chace), regardless of the names origi- 
nally used by authors of cited works. 
Thus we note that Homarus gam- 
marus is used without explanation 
throughout the text in referring to the 
European lobster, which has hitherto 
been generally called H. vulgaris in the 
published literature. In addition to giv- 
ing synonyms in such instances, the in- 
dex gives the family or higher group of 
all genera cited, as well as the older 
names not used in the text; all of this 
is most helpful to the reader, physi- 
ologist or other, who is not versed in 
crustacean systematics. There is a good 
subject index. 

Among the chapters, each a self- 
contained review, which make up this 
volume, some are outstandingly good, 
others are valuable contributions, and 
one or two approach the pedestrian 
level or represent compilations of facts 
rather than fresh analyses of the topics. 
But all are competently and con- 
scientiously done. Although a full re- 
view should discuss each chapter 
separately, space permits comments on 
only a few representative chapters. 

Chapter 1 (“General crustacean bi- 
ology,” by Waterman and Chace) im- 
presses me as being too general to be 
especially helpful. It includes an up-to- 
date outline of classification which, 
however, lacks characterizations of the 
intermediate groups and, hence, is of 
little use to the physiologist who might 
want to know what manner of beast a 
given taxon represents. Neither in text 
nor illustrations is it clear, for instance, 
why the much-discussed Cephalocarida 
rate the status of a subclass, nor is the 
selection of Anaspides, a form most 
physiologists have neither seen nor 
heard of, as a basic type likely to con- 
vey much information to the group that 
needs it most. Both authors understand 
crustacean systematics, and they talk 
about it intelligently; but most of their 
potential readers do not understand 
systematics, and probably never will un- 
less given more illustrated basic ma- 
terial than this chapter provides. ; 

In chapter 2, we find a good discus- 
sion of respiration. As the authors note 
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(page 91), “The Crustacea do not seem 
to have any striking idiosyncrasies or 
innovations in their respiratory func- 
tions.” Certainly this chapter analyzes 
the general aspects of respiration very 
well; it does, however, suffer from a 
lack of illustrations of the peculiarly 
crustacean respiratory organs, especiaily 
details of gills, the tracheal bodies of 
isopods, and other morphological fea- 
tures which would make this chapter 
more interesting and valuable to the 
physiologist seeking an introduction to 
crustaceans as physiological material. 
Certain other chapters are similarly 
lacking in illustrations. By contrast, 
chapter 5 (“Circulation and heart func- 
tion,” by Maynard) does provide help- 
ful illustrations of the heart and cir- 
culatory arrangements in Crustacea, so 
that the stranger may feel better ac- 
quainted with the organization of these 
animals. In addition to his excellent 
organizational job, Maynard holds the 
record in the volume for number of 
references cited (257). Certain chapters 
deserve mention because they bring to- 
gether material not previously presented 
in comprehensive and analyzed form. 
Chapter 13 (“Sex determination,” by 
Charniaux-Cotton) is a well-illustrated 
section bringing together much infor- 
mation not hitherto treated in an Eng- 
lish language publication. However, ex- 
ception must be taken to this author’s 
view that a “reversion toward unisexu- 
ality” has occurred in certain Cirri- 
pedia; the genera cited as examples in- 
clude some that are probably primitive, 
and their unisexuality would seem to be 
primitive rather than derived from a 
hermaphroditic condition. Chapter 15 
(“Molting and its control,” by Passano) 
tends to over-compilation of facts in 
places, but salvages the situation with a 
good attempt at unification of arthro- 
pod molt-control mechanisms. Some 
other chapters are of equal quality, but 
do not happen to deal with material so 
much in need of review. The topic of 
parasitism is not specifically dealt with 
in any one chapter, except where 
secondary sources are cited. 

The general level of editing is high; 
there are numerous cross references 
between chapters. Although there is di- 
versity of opinion between authors, 
there is little superfluous overlapping 
of material, and there are few notice- 
able gaps in coverage. One discrepancy 
is in the use of the terms exo- and 
endocuticle in chapters 14 and 15; the 
index-reference, “Exocuticle, see under 
Cuticle, endocuticle,” does not alleviate 


the situation. Also, I hope to learn by 
return mail from the authors the sources 
of the following undocumented state- 
ments concerning maxillary and anten- 
nal glands: (pages 5—6) “In mystacoca- 
rids, lophogastrid mysids and Nebalia- 
cea both pairs of glands are present in 
adults,” and (page 342) “Rarely, both 
pairs may be retained in the adult 
(Ostracoda and Nebalia).” ‘However, 
such lapses are rare. There are very 
few typographical errors; I noted no 
more than half a dozen; the only one 
in which the meaning is altered is the 
use of “hyposmotic” for “hyperosmotic” 
in the last line of page 361. 

At the time this volume appeared, 
the price of $22 seemed formidable; 
but it should be noted that there was a 
prepublication price of $19, and the 
professional discount provided a further 
reduction for some readers at least. 
Considering the general quality of the 
reviews included, the obvious care in 
editing, and the really large amount of 
information assembled and documented, 
I feel that this volume, and undoubted- 
ly the one which is scheduled to follow 
it, will be indispensable to any biologi- 
cal library. No worker on the com- 
parative physiology of invertebrates 
can afford to be without access to it. 

RALPH I. SMITH 
Department of Zoology, 
University of California, Berkeley 


In the Company of Man. Twenty por- 
traits by anthropologists. Joseph B. 
Casagrande, Ed. Harper, New York, 
1960. xvi + 540 pp. Illus. $6.50. 


If social anthropology differs from 
the other behavioral sciences, and if 
(despite its affiliation with the National 
Academy of Sciences and other scien- 
tific associations) it retains a strong 
humanistic flavor, surely one of the 
bases for these characteristics is its in- 
formant tradition. The ethnological in- 
formant is neither a psychological sub- 
ject nor a sociological respondent (al- 
though he may, of course, be used in 
either or both of these capacities as 
well). The informant, gua informant, is 
a knowledgeable member of his society 
who serves the anthropologist as a pri- 
mary source of information concerning 
its cultural traditions and social struc- 
ture. He is the guide, the anthropologist 
is his follower; he the teacher, the an- 
thropologist his student; he the superior, 
the anthropologist his inferior. 
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But the informant-anthropologist re- 
lationship is unique in scientific re- 
search for yet another reason. Since 
theirs is a long, an intimate, and a 
widely ranging encounter, it almost 
necessarily becomes a deeply personal, 
and not merely a research, relationship. 
As such, it is characterized by all the 
ambiguity and ambivalence inherent in 
any personal relationship, multiplied by 
whatever factor must be introduced 
because of the wide cultural and in- 
tellectual differences between anthro- 
pologist and informant, which serve 
both to attract and to repel. I know of 
no better way of introducing students 
and laymen alike to both the rewards 
and the problems entailed by and en- 
countered in this relationship than to 
recommend this volume. 

Casagrande has obtained the coop- 
eration of an important cross-section 
of American and British anthropologists 
who, on the basis of their extensive 
field work, have produced, with two or 
three exceptions, o series of skillfully 
and, in some cases, beautifully written 
sketches recounting their relationships 
with informants in 20 widely scattered 
parts of the. globe. ‘The candor with 
which most of these contributors have 
approached their assignments will en- 
able the methodologicaily oriented read- 
er to assess both the strengths and the 
weaknesses of informant-type research. 
Because of its limitations, this research 
technique has long been, and will con- 
tinue to be, supplemented by tech- 
niques borrowed from the other be- 
havioral sciences. Because of its 
strengths, it will never be replaced. 

MELForD E. SPIRO 
Department of Anthropology, 
University of Washington 


A Conscience in Conflict. The life of 
St. George Jackson Mivart. Jacob W. 
Gruber. Published for Temple Uni- 
versity Publications by Columbia Uni- 
versity Press, New York, 1960. x + 
266 pp. Illus. $6.50. 


When a professional biologist remem- 
bers St. George Mivart (1827—1900)— 
if he remembers him at all—it is apt to 
be with some irritation and more than 
a little contempt. Irritation because 
Mivart used his considerable talents to 
obscure and confuse the developing 
theory of evolution, and contempt be- 
cause he was too bigoted and intellectu- 
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ally dishonest to follow where the scien- 
tific discoveries of the late 19th century 
led. That this picture of Mivart is in- 
adequate and in great part unfair is 
amply shown by this clear, interesting 
and skillfully written biography. 

Mivart was a man of great courage 
and tactlessness. While he was per- 
sonally pleasant, he spared no one 
when he wrote. He was exceptionally 
—even painfully—conscientious, and 
he always followed the directives of his 
conscience. But he could never conceive 
of the fact that he himself could ever 
be wrong in anything. Inevitably his life 
was tragic. 

At the age of 16, and in spite of his 
family’s opposition, he became a con- 
vert to Roman Catholicism. This was 
no light step for him to take because, at 
the time, his conversion excluded him 
from Oxford and Cambridge. Later on 
he became a student of Huxley’s and 
for a decade—during the 1860’s—he 
and Huxley were very close, even inti- 
mate friends. Mivart became an expert 
osteologist and comparative anatomist, 
specializing in the Primates. He joined 
the Darwinian circle and was considered 
an important ally in the controversy that 
arose over evolution. Mivart, however, 
became dedicated to the discovery of 
absolute truth, but he based his “truth” 
on a double foundation—on Revela- 
tion and on Science. For him true 
Revelation and true Science could never 
be in conflict, because all Truth was 
self-consistent. Revelation, he was con- 
vinced, was in the custody of the Catho- 
lic Church, but the understanding of 
this Revelation could be enhanced by 
Science, that is, when Science is inter- 
preted by Reason. Having these clews 
as to where Truth was to be found, 
he could tell exactly when Revelation 
was misinterpreted and when Science 
presumed to wander out of its proper 
sphere. Mivart devoted his life to 
promoting the fortunes of a liberal, 
growing, and changing Catholicism 
guided in its progress by an advancing 
Science. His failure in what he con- 
sidered to be his real reason for living 
had the inevitability of Greek tragedy. 

Relations between Mivart and the 
Darwin group became strained when 
the theory of evolution was extended to 
include the human species. Mivart be- 
lieved that the mind and the soul of 
man could never have been developed 
from a brute origin, and he sought to 
limit the effectiveness of Darwinian 
evolution. He even went so far as to 


denounce natural selection as a puerile 
doctrine. The real break, however, came 
when Mivart attacked violently, person- 
ally, and mistakenly a rather tentative 
contribution to eugenics made by 
George Darwin, Charles Darwin’s son. 
Even in his apoiogy Mivart repeated 
what Darwin, Hooker, and Huxley con- 
sidered to be personal libels, and all per- 
sonal connections between Mivart and 
the Darwinian group were severed. 

Mivart continued to believe in and 
to teach evolution, but an evolution of 
limited scope—one compatible with his 
religion. He remained the leading Cath- 
olic scientist in England. Indeed, the lib- 
eral Pope, Pius IX, conferred on him 
the degree of doctor of philosophy in 
1876, but during the reaction that fol- 
lowed in the reign of Leo XIII, the 
Church line hardened and infallible au- 
thority stepped in. Mivart refused to 
accompany his liberal Catholic friends, 
who were told of their errors and who 
changed their convictions accordingly. 
His relations with the Church became 
strained. The breaking point came when 
Mivart invaded the field of theology 
and sought to modify the dogma of 
eternal punishment. He claimed that 
eternal torment seemed a trifle exces- 
sive for sins committed during a single 
lifetime, and he held that the Inferno, 
though very rugged indeed, need not be 
final, and that even in Hell sinners 
would be given the opportunity to re- 
pent. This. was going much too far, and 
Cardinal Vaughan, Archbishop of West- 
minster, tended him a confession of 
faith which he refused to sign. He was 
excommunicated and died the next year. 

Mivart could not be buried in con- 
secrated ground, but 4 years later his 
body was moved and was finally buried 
where he would have wanted to be. His 
family and friends secured this favor by 
reporting that Mivart had been very 
sick during the last year of his life and 
that his delusions about Hell thus were 
due to illness rather than to sin. 

Jacob Gruber has written an excep- 
tionally readable and objective, but sym- 
pathetic, life of Mivart, who is pre- 
sented as a real, three-dimensional hv- 
man being, opinionated, intellectually 
cantankerous but, in his personal con- 
tacts, kind and pleasant. He had, how- 
ever, an unyielding conscience, and he 
always knew that he was right, down to 
the last detail. 

CONWAY ZIRKLE 

Division of Biology, Botanical 
Laboratory, University of Pennsylvania 
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Village Solidarity among 
Turkish Peasants Undergoing 
Urbanization 


Abstract. A group of Anatolian peasants 
under study are making a smooth adjust- 
ment to urban life. This is attributed to a 
feeling of village solidarity, which is even 
maintained in the greater Istanbul area. It 
is questionable whether this phenomenon 
in underdeveloped countries is detrimental 
to socioeconomic development, as is gen- 
erally believed to be the case. 


One of the most vexing problems 
challenging economists and other social 
scientists devoted to the study of the 
development of non-Western nations is 
the nature of the labor force in the 
urban centers of such countries. Spe- 
cifically, the enduring attachment of the 
peasant in the urban setting to his orig- 
inal unit of social organization, be it a 
tribe, village, or extended family, forms 
a strong link which does violence to the 
model of the rural-urban dichotomy 
constructed by social scientists. What 
is generally taking place in many of the 
underdeveloped countries is a ruraliza- 
tion of the cities, where the peasants 
carry on an essentially rural or folk way 
of life (7, p. 123; 2; 3, pp. 35, 181- 
182). This folk character found persist- 
ing among “urbanized” peasants in un- 
derdeveloped countries is considered 
harmful for the development of these 
countries. A high rate of absenteeism 
due to a periodic return to the tribe or 
village, an “uneconomical” expenditure 
of wages for costly ceremonies and 
rituals, a penchant for association ex- 
clusively with people of the same back- 
ground, persistence of folk beliefs and 
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traditional kinship roles, and a “non- 
rational” approach to problems are the 
findings from which is derived the con- 
ventional picture of the peasant as an 
anomaly in an urban setting. 

Despite Turkey’s head start in the 
modernization process, her urbanization 
problems are, in general, not unlike 
those of other underdeveloped nations 
(4, pp. 22-28; 5). Indeed, as late as 
1947, one of Turkey’s leading econo- 
mists noted only an _ imperceptible 
growth in urbanization since the Kemal- 
ist revolution (6). However, since 1950 
urbanization has caused consternation 
among many observers of the Turkish 
scene. In Turkey’s case, industrializa- 
tion financed by private capital, to- 
gether with changes in the laws govern- 
ing inheritance and land, was the 
goal of the Democratic party, which 
came into power in 1950. These factors 
seem to be associated with the sudden 
spurt of urbanization during the past 
decade (4, pp. 1-22; 7). 

Data derived from research among 
Anatolian peasants who have moved to 
Istanbul (8) conform to the general 
pattern, delineated above, for peasants 
in an urban setting. Questionnaires, in- 
terviews, and visits, particularly among 
a group of migrants from a village in 
eastern Turkey, now living near and 
working for Robert College, point to a 
high degree of village solidarity and its 
concomitants. 

Village solidarity is manifested in co- 
operative labor practices, voluntary as- 
sociations for mutual aid and recrea- 
tional activities, and village endogamy. 
Furthermore, folk beliefs, traditional 
kinship roles, and an ethos structured 
on traditional village patterns appear to 
operate in an urban environment as 
they did in Yenikéy (the name is ficti- 
tious), the village of origin of the 
group. 

One striking example of the in-group 
feeling possessed by these people of 
Yenikéy emerges in their near-total ob- 
liviousness to their next-door neighbors 
in the isolated shack town beyond the 
hills of the Robert College campus 
where they now live, because, “they are 
not of our village,” as one Yenikéy in- 
formant put it. Yet this shack town is 


composed of only 13 shacks; seven 
of these are occupied by villagers of 
Yenikéy. The others are occupied by 
peasants from a Black Sea village and 
are built adjacent to the seven shacks 
of the Yenikéy group. 

The people of Yenikéy hold a variety 
of jobs at Robert College. Their 
record as a labor force is good, and 
their rate of absenteeism is lower than 
that of others employed in the same 
type of jobs. A remarkable lack of 
conflict in the Yenikéy peasants’ rela- 
tions with other Turks as well as among 
themselves was noted. The disparag- 
ing generalizations usually made about 
peasants in urban environments (/, pp. 
21-22; 3, pp. 39-44; 4, p. 26) are not 
valid for these people. 

The paternalistic role which Robert 
College plays in giving its employees 
uniforms and providing them with 
warm lunches and medical care does 
not vitiate, to any considerable degree, 
a comparison of Robert College em- 
ployment practices with those of any 
industrial firm or factory in Turkey 
because the latter organizations play a 
no less paternalistic role. Indeed, one 
of the earmarks of industries in under- 
developed nations appears to be the 
paternalistic attitude they take toward 
their employees—an attitude which, in 
itself, may hinder the development of 
self-reliance and independence and the 
subsequent urbanization of the individ- 
ual peasant employee. 

The very cultural trait—the peas- 
ant’s attachment to his most meaning- 
ful unit of social organization—de- 
plored by the social scientist because it 
is felt to militate against socioeconomic 
development is, in this case, operating 
to promote such development. The 
Anatolian peasant’s attachment to the 
place and values of his background, 
contrary to forming an obstruction 
against economic development, gives 
him security, helps him adjust to urban 
life, and may even increase his level of 
productivity. Final successful integra- 
tion of the peasant into urban life may 
well hinge on the degree to which he 
remains a part of the original unit of 
social organization. Continued  re- 
search on this aspect of urbanization 
should prove highly useful. 

PETER SUZUKI 
Social Sciences Department, 
Robert College, Istanbul, Turkey 
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Potassium Dihydrogen 
D.L,-Isocitrate 


Abstract. The monopotassium salt is to 
be preferred to the lactone as the final 
product of the synthesis of isocitric acid 
by the method of Fittig and Miller. 


In 1889, Fittig and Miller (7) de- 
scribed the synthesis of isocitric acid 
from sodium succinate and chloral by 
condensation in the presence of acetic 
anhydride. The resulting trichloro- 
methylparaconic acid was hydrolyzed 
with barium hydroxide, and the iso- 
citric acid produced was liberated from 
the barium salt, dehydrated, and iso- 
lated as its lactone. Fittig and Miller’s 
procedure was studied in detail in 1946 
by Pucher and Vickery (2), and sev- 
eral modifications were found advan- 
tageous. A yield of lactone free from 
alloisocitric lactone of approximately 
60 percent was obtained in moderately 
large-scale operations. Further slight 
modifications of procedure have since 
been described by Deutsch and Phillips 
(3) and by Kato and Dickman (4), but 
without improvement in yield or con- 
venience. 

The exceiient properties of monopo- 
tassium Ls-isocitrate obtained from the 
leaves of plants of the family Crassu- 
laceae (5) suggested that the trouble- 
some lactonization step could be 
avoided if the monopotassium salt were 
isolated as the final product of the 
synthesis. It has been found that the 
yield of trichloromethylparaconic acid 
can be increased from about 73 per- 
cent (2) to about 80 percent, and that 
the reaction goes more smoothly if a 
liberal excess over 1 molar proportion 
of chloral is used during the condensa- 
tion. If hydrolysis of the acid is car- 
ried out with an excess of barium hy- 
droxide, and the insoluble barium iso- 
citrate is filtered from the hot solution, 
most by-products and impurities remain 
in the filtrate. The monopotassium 
salt is then easily isolated as described 
by Vickery and Wilson (5). 

Trichloromethylparaconic acid is pre- 
pared as follows. Twenty grams of 
anhydrous sodium succinate, 16.0 ml 
of chloral (33 percent excess over 1 
equivalent) and 12.6 ml of acetic an- 
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hydride (1 equivalent) are heated in 
an oil bath for 1 hour at 140°C under 
a reflux condenser with mechanical 
stirring. The reaction mixture turns 
black and becomes viscous, but remains 
fluid. The tar produced is dissolved in 
200 ml of hot water, boiled with 15 g 
of decolorizing carbon, and the solution 
is filtered and concentrated in vacuo to 
about 120 ml when separation of 
sodium salts makes further concentra- 
tion difficult. The solution is heated 
to dissolve the salts and 30 ml of con- 
centrated HCl are added. The dark 
ted oil which separates is induced to 
crystallize by chilling the solution and 
stirring it with a rod. The mixture is 
chilled overnight, and the crystals are 
filtered, pressed down hard in the fun- 
nel, and washed with a little ice water. 
After thorough drying in a vacuum 
desiccator, the yield is 22 to 24 g (72 
to 78 percent). A little more of the 
acid can be recovered, usually as a few 
drops of oil, by extraction from the 
mother liquor with ether. The ether 
extract is washed with water before be- 
ing concentrated. 

Monopotassium DsLs-isocitrate is then 
prepared as follows. The crude crystal- 
line trichloromethylparaconic acid, to- 
gether with the material extracted 
by ether from its mother liquor, is 
added slowly to a hot solution of 120 
g (20 percent excess over 6 equiva- 
lents) of barium hydroxide octahydrate 
in 150 ml of water, and the thick sus- 
pension of barium isocitrate is boiled 
under reflux with mechanical stirring 
for an hour in an oil bath. The boil- 
ing hot solution is filtered on Whatman 
No. 3 filter paper covered with a thick 
layer of Celite, and the precipitate is 
washed with boiling water. The bar- 
ium salt is then suspended in cold 
water and decomposed with a slight 
excess of sulfuric acid, and the mono- 
potassium salt is isolated by crystalliza- 
tion at pH 3.50 as described by Vickery 
and Wilson (5, 6). The yield of this 
salt is considerably improved if 25 per- 
cent of alcohol is added to the concen- 
trated aqueous solution, but the addi- 
tion of too much alcohol may lead to 
contamination of the product with al- 
loisocitrate: yield, 14 to 16 g (49 to 
56 percent). Most preparations con- 
tain between 49 and 50 percent of po- 
tassium Ls-isocitrate as determined by 
the isocitric dehydrogenase method of 
Ochoa (7). Once recrystallized from 
hot water after addition of 25 percent 
of alcohol, the salt is essentially pure. 
The solution from which the monopo- 
tassium salt is isolated contains iso- 


citric acid and alloisocitric acid in the 
ratio of approximately 10:1 as deter- 
mined by chromatographic analysis on 
Dowex 1 by the method of Palmer (8) 
with formic acid as eluent. 


Monopotassium DsLs-isocitrate crys- 
tallizes from water in tiny needles 
which collect in nodular masses and 
adhere strongly to glass unless the solu- 
tion is stirred during crystallization. 
When crystallized slowly from alcohol- 
containing mother liquors, it forms fas- 
cicles of small flattened rhombic nee- 
dles often aggregated into masses. The 
salt is soluble in its own weight of water 
at boiling temperature. The solubility at 
O°C of a three-times recrystallized spec- 
imen is close to 8 g in 100 ml of 
water and 1.5 g in 100 ml of 25-per- 
cent alcohol. It is thus appreciably 
more soluble than monopotassium L:- 
isocitrate. It decomposes at 175° to 
176°C with evolution of gas (9). 

H. B. VICKERY 
Department of Biochemistry, 
Connecticut Agricultural Experiment 
Station, New Haven, Connecticut 
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Nucleic Acids in Some 
Deuterated Green Algae 


Abstract. In order to determine whether 
the replacement of hydrogen by deuterium 
in living organisms is accompanied by 
changes in amounts and distribution of the 
cellular components, a preliminary cyto- 
chemical investigation has been made on 
deuterated Chlorella vulgaris and Scene- 
desmus obliquus. Cytoplasmic ribonucleic 
acid is more widely distributed and occurs 
in higher quantities in deuterated than in 
nondeuterated. algae. Nuclei of deuterated 
cells are more irregular in shape, and 
mitotic figures appear with greater fre- 
quency in the deuterated organisms. 


As part of a study of the effects of 
deuterium on biological systems, we 
have made a cytochemical study of 
some deuterated green algae. The cul- 
tivation of Chlorella vulgaris and Scene- 
desmus obliquus in 99.6-percent D:O 
under conditions that lead to essential- 
ly fully deuterated organisms has been 
previously described (/). The organ- 
isms used in the studies described here 
were grown in D.O for protracted peri- 
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ods of months and years. There is thus 
every reason to believe that the nucleic 
acids have the same isotopic composi- 
tion as the D-O medium and that the 
deoxyribonucleic acid (DNA) and ribo- 
nucleic acid (RNA) are therefore es- 
sentially fully deuterated. The organ- 
isms were grown on a rotating shaker 
and therefore usually occurred as single 
cells. 

Deuteration of the algae results in 
morphological changes. Size measure- 
ments were made with an ocular mi- 
crometer on cells chosen at random. 
Both hydrogen- and deuterium-contain- 
ing Chlorella vulgaris are spherical. The 
deuterated C. vulgaris has a mean diam- 
eter of 5.42 + 0.033 » compared with 
5.14 + 0.041 » for the hydrogen (pro- 
tium) prototype. The deuterated organ- 
isms are thus substantially larger than 
the hydrogen organisms. In the case of 
Scenedesmus obliquus, both size and 
shape are altered by deuteration. Meas- 
urements were made along the widest 
and the longest parts of the organisms. 
Deuterated S. obliquus had a mean 
length of 7.99 + 0.050 » as compared 
with 6.46 + 0.056 » for the hydrogen 
organisms, while the mean widths were 
3.91 + 0.044 » for the deuterated or- 
ganisms and 4.16 + 0.030 » for the 
hydrogen-containing S obliquus. The 
deuterated S. obliquus are thus longer 
and thinner than their prototypes. 

Cytochemical reactions were per- 
formed after fixation by freeze-substitu- 
tion. A cell suspension was spread on a 
slide and immersed in liquid nitrogen. 
The slide was then rapidly moved to 
chilled absolute alcohol. The slides 
could be stored by clearing them in 
xylene and coating them with paraffin. 

Conclusions regarding the amount 
and distribution of the nucleic acids 
were based on agreement of results 
from several staining reactions and cx- 
traction procedures. 

The nucleic acid stains used were 
modifications of the following: Azure 
B (2), Feulgen (3), Methyl Green (4), 
and pyronin (4). Under the conditions 
which were employed, material that 
stained with both Methyl Green and 
with the Feulgen reagent and which 
was removed by treatment with 0.1- 
percent deoxyribonuclease (buffered at 
pH 6.5) was regarded as DNA. Py- 
ronin-staining material which was re- 
moved by extraction with 0.2-percent 
ribonuclease (buffered at pH 6.0) was 
regarded as RNA. Azure B stains both 
sorts of nucleic acids as well as some 
other basophilic substances. The various 
basophilic substances are reputed to 
acquire different colors by Azure B 
Staining. However, the presence of 
chlorophyll in the algae made deter- 
mination of exact colors, especially in 
the blue-green region, difficult. Azure 
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B staining, therefore, was simply re- 
garded as indicative of basophilia. 

When such basophilic material was 
removable by treatment with 5-percent 
trichloroacetic acid it was regarded as 
nucleic acid. That portion of the Azure 
B staining material which was removed 
by ribonuclease treatment was regarded 
as RNA. The deoxyribonuclease-remov- 
able, Azure B positive material was 
thought to be DNA. 

The enzyme reactions were con- 
trolled by treating slides with buffers 
identical to those in which the enzymes 
were dissolved under the same condi- 
tions of time and temperature. In this 
study the assumption has been made 
that the staining characteristics of deu- 
terated compounds are the same as 
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for the corresponding hydrogen com- 
pounds. Although this is very likely 
the case, it is a point that requires 
verification for more quantitative 
studies. 

A comparison of stained cells of deu- 
terated and nondeuterated algae reveals 
that staining for both RNA and DNA 
is less localized in deuterated cells. This 
is the case for both Scenedesmus obli- 
quus and Chlorella vulgaris, but the 
situation is seen in its simplest form in 
a comparison of deuterated and non- 
deuterated S. obliquus. In nondeuter- 
ated S. obliquus, DNA (Feulgen, 
Methyl Green, and Azure B stainable; 
deoxyribonuclease and_ trichloroacetic 
acid extractable) is confined to and fills 
the peripheral nucleus. The nucleus 


Fig. 1. Algae stained for both DNA and RNA with Azure B (1700). (A) Nondeuter- 
ated Scenedesmus obliquus. The nucleic acids are largely concentrated in the nucleus. 
(B) Deuterated S. obliquus. More cytoplasmic RNA is present and the cell nuclei are 
more irregularly shaped. (C) Nondeuterated Chlorella vulgaris. The strongly basophilic 
peripheral structure is the chloroplast. The nucleus is more centrally located and is 
stained less intensely than the chloroplast. (D) Deuterated C. vulgaris. Far more cyto- 
plasmic basophilia occurs than in the nondeuterated organisms. 
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contains some RNA (pyronin and Azure 
B stainable; ribonuclease and trichloro- 
acetic acid extractable) as well. The 
small amounts of cytoplasmic RNA are 
localized close to the nucleus. In cor- 
responding deuterated cells, the nucleus 
is larger and appears to contain greater 
amounts of DNA; more striking than 
this, however, is the occurrence of far 
larger amounts of cytoplasmic RNA 
which is much more widely distributed 
throughout deuterated cells (Fig. 1, A 
and B). 

The widespread dissemination of nu- 
cleic acids throughout the deuterated 
cells is also observed in Chlorella vul- 
garis. The chloroplasts of C. vulgaris, 
unlike those of S. obliquus, contain (ac- 
cording to the previously mentioned 
criteria) both DNA and RNA. The 
presence of larger amounts of cyto- 
plasmic nucleic acids in deuterated C. 
vulgaris as compared to the nondeuter- 
ated organisms is clearly visible in Fig. 
1 (C and D). 

The basophilia shown in these photo- 
micrographs is caused by both DNA 
and RNA. In C. vulgaris DNA fills the 
nucleus and occurs at the periphery of 
the chloroplast. Ribonucleic acid occurs 
in the same regions as DNA, but is 


also found more centrally in the 
chloroplasts and in _ nonchloroplast 
cytoplasm. This is true of both 


deuterated and normal cells. However, 
the nucleic acid-containing structures 
of deuterated algae are larger and stain 
more intensely than do their hydrogen 
counterparts. 

Deuterated algae generally show in- 
creased heterogeneity of chloroplast 
shape. The typical single chloroplast of 
the nondeuterated cells was, in the deu- 
terated cells of both S. obliquus and C. 
vulgaris, replaced by a great many va- 
rieties of chloroplast shape and num- 
ber. 

Some individuals in both deuterated 
and nondeuterated C. vulgaris appear to 
be multinuclear. Occasionally a nuclear 
configuration which resembles a telo- 
phase was observed in C. vulgaris. This 
configuration was observed with so 
much greater frequency in deuterated 
cells than in nondeuterated cells that it 
seems as though nuclear division had 
been delayed by deuteration. Since in 
these cells telophase is the easiest stage 
of mitosis to recognize, it cannot be 
said at this time that other stages of 
mitosis are not also affected by deu- 
teration. That the nucleic acid—contain- 
ing structures have grossly distorted 
shapes in deuterated algae may be only 
a reflection of the larger amounts of nu- 
cleic acid present, but it is probable that 
other factors are involved. 

Although mitosis appears to be de- 
layed in the algae, it is clearly not pre- 
vented. The situation here is clearly 
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different from the arrest of mitosis of 
Arbacia eggs caused by high concen- 
trations of D:O as described by Gross 
and Spindel (5). But even in the case 
of the green algae, the effects of iso- 
topic substitution are already evident 
on the cytochemistry of the organisms 
(6). 
E. FLAUMENHAFT 
Hiram College, Hiram, Ohio 
S. M. ConraD 
J. J, 
Argonne National Laboratory, 
Argonne, Illinois 
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Staining of Skin with 
Dihydroxyacetone 


Abstract. The reaction of skin with 
dihydroxyacetone to produce a brown 
“artificial tan” appears to proceed through 
combination with free amino groups in 
skin proteins, and particularly by combina- 
tion of dihydroxyacetone with the free 
guanido group in arginine. 


Much interest centers around the 
mechanism of staining of skin by solu- 
tions of dihydroxyacetone, a_ three- 
carbon keto sugar. Our interest in this 
sugar arose from observations on ex- 
cretion of it following ingestion of the 
substance in a diagnostic test for gly- 
cogen-storage disease (7). Urine speci- 
mens obtained from children after dihy- 
droxyacetone-tolerance tests (2) gave 
several conspicuous spots on chroma- 
tograms resolved in isopropanol—am- 
monia—water solvent treated with diazo- 
tized sulfanilic-acid sodium-carbonate 
reagent (Pauly reagent). No reaction 
was observed when the same reagent 
was applied to duplicate chromato- 
grams resolved in butanol—acetic acid- 
water solvent. This reagent ordinarily 
reacts with substances which contain 
an active hydrogen, an aromatic phenol 
or amine, or substances with imidazole 
nucleus. An area at Rr 75 (in isopro- 
panol—ammonia—water) turned brown 
on standing a short time in air, more 
rapidly on heating. It seemed likely 
that a reaction occurred between di- 
hydroxyacetone and ammonium _hy- 
droxide to form new compounds. 


Analyses, by the micro-Kjeldahl 
method, of areas of the chromatogram 
which gave positive reactions with 
Pauly reagent and blank areas _indi- 
cated that the substance at Rr 75 con- 
tained nitrogen. The stability of the 
reaction products was confirmed when 
the substances were eluted from chro- 
matograms run in isopropanol—ammo- 
nia—water and rechromatographed in 
butanol—acetic acid—water solvent with 
no apparent change. Reactions of two 
principal substances derived from inter- 
action of dihydroxyacetone and am- 
monium hydroxide are given in Table 1. 

These observations led to the con- 
jecture that the staining of skin by dihy- 
droxyacetcne might occur through com- 
bination with basic groups of skin 
proteins, or with free amino acids on 
the surface of the skin. Aqueous solu- 
tions of the sugar with ammonium 
hydroxide alone produced a_ brown 
color. The reactions with amino acids 
and related compounds are shown in 
Table 2. Arginine was the most reac- 
tive, with the appearance of a dark 
brown color within 30 minutes. Mix- 
tures of dihydroxyacetone with glycine, 
lysine, and histidine also gave brown 
to yellow colors. 

Chromatography of the mixtures of 
amino acids with dihydroxyacetone 
showed that while a positive test for 
arginine was obtained with~ ninhydrin, 
there was no reaction with aniline- 
phthalate, a sensitive reagent for sugars, 
at the position usually occupied by 
dihydroxyacetone. However, in_ the 
mixture of arginine and dihydroxy- 
acetone another compound was formed 
which was positive both with ninhydrin 
and aniline-phthalate. In the case of 
glycine at least two additional ninhy- 
drin-positive, aniline-phthalate-positive 
substances were formed. These reac- 
tion products, unlike those obtained 
from dihydroxyacetone and ammonium 
hydroxide, did not give a strong posi- 
tive test with Pauly reagent. Similar 
observations were made of reaction 
mixtures of lysine, alanine, proline, 
and hydroxyproline, even though in 


Table 1. Reactions of substances obtained from 
combination of dihydroxyacetone (DHA) and 
ammonium hydroxide. 


Substance 
——————-__ DHA 
A B 
Rr INH* - 0.75 0.88 0.70 
Ry BuAct 48 -70 .60 
Pauly reagent Red-orange Red - 
Ninhydrin 
Aniline-phthalate + 
Phosphomolybdate = - + 
Arsenomolybdate - - + 
Brown color on stand- 
ing in air oo + 
N (micro-Kjeldahl) - - 
* Solvent: isopropanol ia-water. 


t Solvent: butanol-acetic acid-water. 
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Table 2. Reactions of aqueous solutions of 
amino acids in dihydroxyacetone. 


Arginine Immediate yellow; dark brown 
in 30 min 

Glycine Yellow after 60 min; dark 
brown in 6 hr 

Histidine Yellow after 60 min; brown in 
12 hr 

Lysine Yellow after 60 min 

Tryptophane Yellow after 12 hr 

Threonine Yellow after 12 hr 

Alanine Faint yellow after 12 hr 

Valine No color change 

Leucine No color change 


Phenylalanine No color change 


some cases no color change was evi- 
dent. Additional ninhydrin-positive ani- 
line-phthalate—positive substances were 
formed in small amounts. 

Epidermal proteins have a very high 
content of basic amino acids, arginine, 
lysine, and histidine (3). Amino acids 
in sweat (determined by microbiologi- 
cal assay), listed in order of decreasing 
concentration, are arginine, histidine, 
threonine, valine, leucine, isoleucine, 
lysine, phenylalanine, and tryptophane 
(4). Dreizen and associates reported 
melanoidin formation between degrada- 
tion products of glucose (dihydroxy- 
acetone and glyceraldehyde) and the 
organic fraction of tooth structure (5). 
Interaction between amino acids and 
sugars has been shown to be the cause 
of browning that occurs in storage of 
dried foods (6). Richards was able to 
isolate the enolic form of N-(carboxy- 
methyl)-amino-1-deoxyfructose as an 
intermediate in the browning reaction 
between glycine and d-glucose (7). 
Our data suggest that reactions similar 
in nature occur between dihydroxy- 
acetone and amino acids. The reaction 
proceeds more rapidly with the highly 
teactive dihydroxyacetone. 

The presence of arginine and other 
basic amino acids in skin proteins in 
relatively high concentration has led to 
the interesting application of this brown- 
ing reaction between dihydroxyacetone 
and skin proteins in cosmetic lotions 
(8). 

Eva WITTGENSTEIN 

HELEN K. BERRY 
Children’s Hospital Research 
Foundation, Cincinnati, Ohio 
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Chromatographic Comparison of 
Scorpion Venoms 


Abstract. The venom of seven species of 
scorpions was subjected to two-dimen- 
sional chromatographic analysis. Six ma- 
jor components were defined and tenta- 
tively correlated with the physiological 
activity of the venoms. 


The venom of Centruroides sculp- 
turatus Ewing and Centruroides gertschi 
Stahnke has the distinction of exhibit- 
ing a severe neurotoxic effect, while 
that of other scorpions of the Southwest 
produces little or no systemic effects. 
These two species also differ in this 
respect from other species of United 
States centruroidian scorpions, even 
though some of the other species mor- 
phologically resemble closely 
(1). Centruroides sculpturatus and C. 
gertschi venom also has the distinction 
of being lethal to man in quantities in- 
jected during the process of a single 
sting. 

In cases of moderate to severe vene- 
nation, C. sculpturatus and C. gertschi 
venom will cause severe drooling, so 
that the patient loses large quantities 
of fluids, and characteristic convulsions. 

Normally the venom of Vejovis 
spinigerus (Wood) and Hadrurus ari- 
zonensis (Ewing) apparently produces 
only a local reaction in the form of a 
swelling and sometimes ecchymosis at 
the site of the sting. In severe cases 
of venenation by these species, reac- 
tions of a systemic effect were experi- 
enced. This led Palmer (2) to investi- 
gate the effects of these venoms in 
larger doses than are injected during 
the natural stinging process. Among 
other things, he found that Vejovis 
spinigerus venom in a lethal dose would 


produce only slight salivation but 
severe convulsions, while AHadrurus 
arizonensis venom produced severe 


drooling without convulsions. 

The present work is an attempt to 
characterize chromatographically the 
proteinaceous components of the venom 
of seven of these species. The venom 
from each was collected, lyophilized, 
weighed, and reconstituted with sterile 
water to give the concentrations, in 
milligrams per milliliter, shown in 
Table 1. 

Two - dimensional chromatograms 
were run on Whatman No. 1 paper 
squares at 6°C (43°F) with two parts 
of N-propyl alcohol to one part of 1- 
percent ammonium hydroxide as the 
first solvent and one part of 1-percent 
phenol to one part of 1-percent ammo- 
nium hydroxide as the second solvent. 
Two drops from a tuberculin syringe 
were used as inoculum for all runs. 

The ninhydrin-positive pattern was 
revealed by spraying the strips with 
0.2-percent ninhydrin solution in 95- 


Table 1. Ry values for seven species of scor- 
pions. 


Concn. Component 
(mg /ml) group 
Hadrurus hirsutus (Wood) 
11.5 0.27 0.94 D 
42 .96 
65 B 
88 85 A 
Hadrurus arizonensis (Ewing) 
9.9 96 Cc 
-70 .84 B 
86 A 
Centruroides sculpturatus Ewing 
4.63 E 
16 F 
85 91 A 
Centruroides gertschi Stahnke 
0.72 
85 .83 A 
Centruroides pantheriensis Stahnke 
6.0 84 -79 A 
Centruroides vittatus (Say) 
5.8 71 A 
Vejovis spinigerus (Wood) 
5.6 .90 71 A 


* In N-propyl alcohol and NH«OH. 
ft In phenol and NH«OH. 


percent ethanol to which 5-percent 
2,4,6-collidine was added just before 
use (3). 

The Rr values obtained for the seven 
species are given in Table 1. Figure 1 
shows the distribution pattern of the 
venom for these seven species. It is ap- 
parent that the venom components fall 
into six areas as designated in Fig. 1. 

While some uniformity of venom 
components is to be expected, the vari- 
ation in the effect of the sting of differ- 
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Fig. 1. Chromatographic distribution of 
scorpion venom into groups. See Table | 
for Rr values. 


895 


Jahl 
ndi- 1 
hen 
hro- 
mo- 
two 
am- 
le 1. 
>on- 
ihy- 
om 
skin 
olu- 
ium 
own 
cids 
eac- 
lark 
Mix- 
ine, 
own 
of 
fone 
for 
line- 
b 
the 
ony. 
med 
drin 
> of 
ined 
ium 
tion 
line, 
in 
from 
and 
DHA 
“4 


ent species of scorpions would suggest 
a similar variation in the constitution 
of their venom. In this work, such 
uniformity is found in the area desig- 
nated as A (Fig. 1). Since the chroma- 
tograms for all species showed a trail- 
ing effect in the N-propyl alcohol 
solution, this was not recorded except 
for the Hadrurus genus, where trailing 
in the phenol solution definitely indi- 
cated unique components. Group E 
was not included in trailing of species 
other than those designated. 

The uniqueness of group F in Cen- 
truroides sculpturatus is significant with 
regard to the physiological effect of this 
venom. Group £E, occurring only in 
this species and C. gertschi, is also sig- 
nificant. 

This work would further suggest that 
the convulsion factor is in group 4A, 
since it appears as the major component 
in C. gertschi and Vejovis spinigerus, 
while the major component of the 
Hadrurus genus is in group B, which 
could be the salivation factor. 

The possibility of synergistic action 
of these components should not be over- 
looked. Consequently, small amounts 
of groups B, C, and D (evidenced by 
trailing on the chromatograms) in con- 
junction with component E or F, or 
both, could account for this reaction 
with the venom of Centruroides sculp- 
turatus and C. gertschi. 

Further isolation and purification of 
these components should establish this 
relationship. 

Roy M. JoHNSON 

HERBERT L. STAHNKE 

Poisonous Animal Research Laboratory, 
Arizona State University, Tempe 
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Feeding in Conflict Situations 
and Following Thwarting 


Abstract. It is possible to quantify many 
different aspects of feeding behavior. In 
order to specify and differentiate the effects 
of deprivation levels, conflict, and thwart- 
ing, one cannot use only a single measure 
of this behavior pattern. 


Several studies have shown that the 
concept of drive as an energizer of all 
behavior that leads to the consumma- 
tory response is inadequate to describe 
the changes in a behavior pattern that 
accompany a high score in consumma- 
tory activities (7). Further, Miller (2) 
has reported two conditions that in- 
crease the amount of food intake while 
exerting differential effects on a number 
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Table 1. Feeding behavior: (A) following 1, 2, and 3 days deprivation (N=9); (B) in successive 
15-minute periods of the feeding session, 2 days deprived (N=9); (C) in conflict sessions with 
high, medium, and low shock (N=12); (D) following thwarting (V=6). Significant differences: 
Italic type indicates that the difference between vertically adjacent pairs of numbers is statistically 
significant. In A and C, the pairs of asterisks indicate that the difference between the pairs of 
numbers not vertically adjacent are statistically significant. In C, bold-face type indicates that 
the differences between normal controls and all shock intensity tests considered together are 


statistically significant. 


ws Duration Total time 
Completed Initiated jotta completed feeding 
Complete (0.01 min) (min) 
A. Days deprived ' 
1 132 612 4.39 3.8* 21.8 
2 196 117 3.52 
3 252 778 2.87 2.8* 21.7 
B. Successive 15 min of feeding session 
Ist 63 B70 2.6 4.3 
2nd 54 193 3.46 Sua Ey f 
3rd 43 182 3.98 3.7 5.8 
4th 36 169 4.50 4.0 5.6 
C. Conflict: normal control; high, medium, low shock 
N 196 756 3.83 3.3 22.8 
High | 3.27 2.8 13.7* 
Md. 155 580 3.64 3.0 17.5 
Low 197* 646 3.36 2.9 19.4* 
D. Thwarted and normal control; 1, 2, 3 days deprived 
1,N 536 ie 4.0 21.0 
hs 9 180 686 3.44 4.0 25.8 
2,N 191 557 2.74 4.0 22.2 
Mya 209 701 2.98 3.7 25.2 
3, N 223 577 2.50 19.3 
al 164 671 3.60 3.9 25.4 


of other presumptive measures of 
strength of hunger. These findings are 
disturbing, as various investigators who 
have described the effects of frustration 
(3) and conflict (4) as increasing drive 
strength have estimated the strength of 
drive by measuring a few, often a dif- 
ferent few, of the many quantifiable 
aspects of a behavior pattern. The 
present report questions the description 
of such effects in terms of a unitary in- 
tervening variable. 

Three-spined sticklebacks (Gastero- 
steus aculeatus, L.) were maintained in 
aquaria divided by a partition into a 
food area and a living area. A portion 
of the partition was removed to permit 
1 hour of access to the food at 1-, 2-, or 
3-day intervals. For the thwarted feed- 
ing sessions the food was covered by a 
transparent plate for % to 2 hours. 
After intervals ranging from 3 minutes 
to 4 hours, access to the food area with 
the plate removed was allowed. In con- 
flict sessions, the fish received electric 
shock at varying intensities (42 volts, 
84 ma; 66 volts, 112 ma; 108 volts, 
210 ma) through a pair of electrodes 
immersed in the water. The first two 
entries into the food area or the 10th 
and 20th grasp at food were the occa- 
sions for administering shock. 

Tubifex worms were scattered in the 
food area. Samples taken from the 


tanks indicated that there were over 30 
times as many worms present as the fish 
would remove in the feeding session. 
To test whether a change in the be- 
havior of the prey would make them 
less available to their predators, the 


feeding responses of the fish were 
imitated by poising over the prey and 
touching them with the end of a broad 
pencil at a rate corresponding to that 
of the feeding stickleback. There were 
no significant changes in the reaction 
of the prey to the repetition of this 
stimulation. 

Sticklebacks feeding on their ground- 
living prey swim near the floor of the 
tank and-occasionally tilt their bodies 
to remain poised over the worms which 
are half-embedded in the sand. The 
eye movements during fixation on the 
prey are quite distinctive. Fixations 
may be followed by grasping the prey, 
scored as completed feeding responses. 
Each fixation, whether it led to the 
grasp or not, was scored as an initiated 
feeding response. Behavior such as at- 
tacks, returns to the living area, swim- 
ming up and down the walls of the food 
area, and so forth, has been grouped 
together as a bout of nonfeeding be- 
havior. Such activities would appear in 
the absence of food and their frequency 
and duration could be changed by vary- 
ing conditions other than deprivation. 
Then, total time spent feeding measures 
the predominance of feeding behavior 
in the 1-hour session, while the ratio of 
initiations to completions measures the 
predominance of one element in the 
feeding behavior pattern. In a bout of 
feeding, it is possible that few comple- 
tions are performed because the dura 
tion of feeding responses is very long. 

Behavior was recorded on a machine 
that moved a strip of paper at the rate 
of 5.6 cm/min (5). The frequency, 
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duration, and order of succession of re- 
sponses could be obtained from the 
records. 

Increased deprivation time results in 
a greater number of completed feeding 
responses, a shortened duration of feed- 
ing responses, and a decrease in the 
ratio of initiated to completed feeding 
responses (Table 1, A, B). But neither 
the number of initiations nor the total 
time spent feeding is reliably increased 
by deprivation. 

These effects on feeding behavior are 
reversed in the course of the feeding 
session, as the fish become satiated: the 
frequency of completions decreases, re- 
sponse duration becomes longer, and 
there are more initiations per comple- 
tion. The time spent feeding and the 
frequency of initiations increase at the 
beginning of the feeding session, remain 
at high values, and then fall off slightly 
at the end of the hour. 

Hunger shows its effects on the pre- 
dominance of completions over initia- 
tions, not on the predominance of feed- 
ing behavior over nonfeeding behavior. 

In the conflict sessions (Table 1, C), 
the total time spent feeding is below 
normal values, and more markedly so 
for increasing shock intensities. But the 
ratio of initiations to completions is 
lower than normal, and the duration of 
feeding responses is below normal. 
These latter two effects are not changed 
by increasing shock intensities. 

Nonfeeding behavior has become 
more predominant in the conflict ses- 
sions, but when feeding behavior is 
shown it is like that of very hungry 
fish (6). As a result, over half the fish 
performed more completed feeding 
responses than normally under condi- 
tions of low shock, with some fish 
scoring as much as 40 percent over nor- 
mal values. 

As the feeding session progresses, the 
usual satiation changes occur and de- 
viations from normal feeding scores are 
less marked. For example, the initiated 
to completed response ratio is below 
normal throughout the session, but re- 
liably below normal only for the session 
as a whole or for the first 15 minutes 
of the session (4). 

The effects of thwarting (Table 1, D) 
tesemble those of conflict in that the 
fish may perform more or fewer com- 
pleted feeding responses than normally. 
But now total time spent feeding and 
the frequency of initiations have in- 
creased, whereas the initiation to com- 
pletion ratio is higher than normal. 

It is noteworthy that the usual dif- 
ferences in feeding behavior for the 
three deprivation conditions have dis- 
appeared in the tests that follow thwart- 
ing. 


The effects of thwarting and of con- 


flict must be specified in terms of meas- 
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ures that indicate the predominance of 
the observed pattern of behavior over 
its alternatives and the predominance 
of high and low intensity forms of the 
behavior pattern. A model linking these 
two aspects of motivated behavior has 
been described (7, 8). 

BEATRICE TUGENDHAT 
Psychological Laboratory, 
Wellesley College, 
Wellesley, Massachusetts 
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Changes in Soluble Proteins 
of Developing Lily Anther 


Abstract. The extract of soluble .pro- 
teins from Lilium anthers is characterized 
by four electrophoretic components. Three 
of the components show quantitative dif- 
ferences markedly correlated with the syn- 
chronized division of the microspores con- 
tained within the anthers. One of the com- 
ponents increases in amount before mito- 
sis and disappears at mitosis; two of the 
components have peak values at the time 
of mitosis and decrease thereafter; a fourth 
component remains relatively constant in 
amount throughout. 


In recent years it has become increas- 
ingly apparent that many of the. major 
steps of chromosome synthesis take 
place before the visible events of mito- 
sis. In particular, one may cite the syn- 
thesis of deoxyribonucleic acid (/-4) 
and of nuclear histones (3, 5). The 
anthers of Lilium are favorable material 
for investigating relationships of this 
sort since mitosis of the microspores 
within the anthers is highly synchronized 
and precisely correlated with the length 
of the developing flower bud (6). Fos- 
ter and Stern (J), for instance, have 
shown striking changes in the quantity 


of soluble deoxyribosides in the anthers, 
which are correlated with bud length 
and hence with the mitotic process. The 
work reported here is a preliminary 
study by analytical electrophoresis to 
determine the behavior of the phosphate 
buffer-soluble fraction of anthers prior 
to and during mitosis. 

Anthers were collected from flower 
buds of Lilium longiflorum cv. ‘Croft’ 
of specified lengths and placed in a 
freezer until samples of sufficient 
size were obtained. The bud lengths 
studied were 40 and 50 mm (before 
mitosis), 60 mm (during mitosis), and 
80 mm (after mitosis). A single sample 
consisted of the anthers from 10 to 15 
buds which were within 1.0 mm of the 
desired length. Each sample was ex- 
tracted, with the aid of glass homoge- 
nizers, in the cold, in a 0.1 ionic-strength 
phosphate buffer of pH 7.0 (7). Ex- 
tracts were centrifuged at about 4000g 
for 0.5 hour, and the supernatants were 
dialyzed for 18 hours against three 
changes of buffer. After ultraviolet esti- 
mation of the protein concentration, the 
dark-colored extracts were diluted with 
buffer to approximately 12 mg/ml to 
facilitate electrophoretic analysis, and 
aliquots of these diluted samples were 
analyzed for protein concentration by 
the Folin method. The instrument for 
electrophoresis and the methods of 
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ELECTROPHORETIC MOBILITY 
(x 1075em2 secm!) 


Fig. 1. Descending electrophoresis pat- 
terns, at pH 7.0, of phosphate buffer-sol- 
uble proteins extracted from Lilium an- 
thers. Potential gradients were 6.9, 6.8, 
7.0, and 6.7 v/cm for the 40-, 50-, 60-, 
and 80-mm samples, respectively. 
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analysis which were used have been 
described previously (8). 

The electrophoretic diagrams obtained 
from the anther extracts (Fig. 1) are 
complex and different for the four bud 
lengths. Four electrophoretically dis- 
iinguishable components characterize 
the extracts, although only three com- 
ponents are detectable in any single- 
bud-length sample. The differences in 
the total area displacement of the elec- 
trophoretic patterns are relative to the 
concentration of protein in the samples. 
As shown in Fig. 2 (upper curve), 
there is a protein increase prior to mi- 
tosis, a decrease through and following 
mitosis, and a final value of only about 
one-fourth of the maximum. 

Estimations of the actual amounts of 
protein represented by the individual 
electrophoretic components are shown 
in Fig. 2 (lower curve). Of the indi- 
vidual electrophoretic components, the 
fastest-moving one, D, shows the most 
spectacular change. This non-Gaussian 
component increases in amount during 
the premitotic period but is undetect- 
able during mitosis and thereafter. Com- 
ponents B and C are present in greatest 
amount at mitosis despite a decrease in 
the total soluble protein at this time. 
Component C appears to be absent be- 
fore mitosis, although it may merely be 
obscured by the large amount of com- 
ponent D. Component B, however, can 
be detected in all of the extracts. Com- 
ponent A, which is also present in all of 
the extracts, is unique in that it shows 
no conspicuous quantitative change. 
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Fig. 2. Changes in the soluble proteins of 
Lilium anthers with increasing flower bud 
length. (Top) Total values obtained by 
Folin determination. (Bottom) Values for 
electrophoretic components based on pro- 
portion of the total pattern area repre- 
sented by individual components. Average 
electrophoretic mobility (all values x 107 
cm*v~sec™?): component A, —2.5; B,—3.5; 
C, —4.8; and D, —6.1. 


One may be tempted to speculate that 
component D may in some way be as- 
sociated with chromosome duplication, 
since it occurs at very nearly the same 
bud length at which Foster and Stern 
(J, 2) have described large concentra- 
tions of soluble deoxynucleosides. One 
may further speculate that component 
B or component C, or both, which are 
in highest amount in buds of 60-mm 
length, may correspond to the spindle 
protein described by Mazia (9). These 
speculations are hazardous, however, in 
the absence of any characterization of 
the components beyond their electro- 
phoretic mobilities. These preliminary 
studies are being followed by attempts 
to separate the components by means of 
cellulose ion-exchange columns. Such 
separation would make it possible to 
purify them for further chemical and 

physical characterization (/0). 
MAIMON NasaTIR* 
ASHLEY M. BRYANt 
SIDNEY D. RODENBERG 

Division of Biology, University 

of Pennsylvania, Philadelphia 
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Boron and Sugar 

Translocation in Plants 
An article entitled ‘Translocation 


of particles within plants” by J. W. 
Mitchell, I. R. Schneider, and H. G. 
Gauch (/) reviewed and discussed an 
important subject in plant physiology, 
and the citation of 71 references would 
suggest that the authors intended to 
present a critical review of the latest in- 
formation on the subjects covered. One 
familiar with the literature on boron, 


however, is struck by their omission of 
any reference to published data not in 
accord with the hypothesis they pre. 
sented for the role of boron in sugar 
translocation. 

Their discussion of this subject was 
limited to and centered about a hy- 
pothesis initially presented 7 years ago 
(2-5) suggesting that a major function 
of boron was in the translocation of 
sugar. They postulated (2, 3) that the 
sugar-borate complex may move from 
cell to cell or that boron as a constituent 
of the membrane forms a temporary 
union with sugar at these sites to effect 
its passage. They further considered 
boron-deficiency symptoms such as 
necrosis of apical buds and root tips to 
be in reality manifestations of sugar 
deficiency, in that lack of boron prevents 
the movement of required sugar to these 
loci of active growth. 

Numerous investigators (6-1/2) have 
questioned this view, and most of the 
published evidence has not substanti- 
ated the hypothesis of Gauch and 
Dugger (2). Boron-deficient stem apices 
and root tips, for example, are not 
sugar-deficient (6, 7), nor do sugar ap- 
plications to terminal regions alleviate 
boron deficiency symptoms (5, 6, 9, 10, 
13). Skok (11) has critically reviewed 
this subject and has shown (J0) that 
boron may have an apparent but entire- 
ly indirect affect on sugar translocation. 
His experiments suggest that the boron 
effect is related to cellular activity and 
growth rather than directly to the for- 
mation of a boron-sugar complex. Ma- 
terials, including sugar, move from 
leaves to such metabolically active 
regions as growing tips (/2). When 
growth is decreased by lack of boron, 
movement of sugar to these areas is de- 
creased and the addition of boron might 
be expected to raise the metabolic rate 
toward the normal, which in turn re- 
sults in an increased movement of 
sugar into these regions. This indirect 
relationship was demonstrated by meas- 
uring the movement of C-labeled 
sugar applied to the lower leaves of 
normal boron-sufficient plants, boron- 
deficient plants, and normal boron-suf- 
ficient plants with their terminal buds 
excised. The removal of the bud, the 
actively growing region, reduced the 
translocation of the applied sugar into 
the apical part of such plants to 57 per- 
cent of that observed in boron-sufficient 
plants; this was even a greater reduc- 
tion than that observed in the boron- 
deficient plants. 

I have obtained similar evidence sub- 
stantiating an indirect relationship be 
tween boron and sugar translocation in 
experiments in which the translocation 
of C-labeled sucrose was studied in 
boron-deficient sunflower plants with 
and without H:BOs added directly to 
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the terminal bud (/4). A significantly 
greater amount of sucrose was trans- 
located to the terminal portions of 
plants to which boron had been applied 
to the terminal buds; in most experi- 
ments, however, no difference was found 
between the two series in the sugar 
translocated to the roots. 

It is certain that many and perhaps 
most of the details regarding the exact 
tole(s) of boron in plant growth are yet 
to be uncovered. The final accepted 
role(s) for this element can only be as- 
signed when all reported data become 
integrated. Investigators who ignore 
data only defeat this accomplishment 
and do an injustice to the general reader 
not specifically involved or interested 
in this research area but only desirous 
of remaining abreast of the subject. 

WayYNE J. McILRATH 
Department of Botany, University of 
Chicago, Chicago, Illinois 
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With regard to the criticisms of our 
recent article entitled “Translocation 
of particles within plants,” we feel that 
Mclirath may have misunderstood the 
intent of the article. As we understand 
it, this series of articles was designed to 
give the nonspecialist in the field a gen- 
eral presentation of various subjects, 
together with some typical problems in- 
volved. Limitations in space and in the 
number of citations dictate that the 
many subjects which are touched on 
shall be handled without a presentation 
and discussion of all ideas on the sub- 
ject and without reference to all the 
literature which impinges on the topic. 
We reject the assumption that the 71 
references would indicate that we were 
covering the subject exhaustively, since 
admittedly hundreds of papers would 
have been pertinent to so broad a topic 
as this one which ranged from ions 
through macromolecules. 

With regard to our failing to discuss 
the various roles of boron, and par- 
ticularly the evidence which has been 
interpreted as not supporting the Gauch- 
Dugger hypothesis, we felt that such a 
discussion would have been irrelevant 
to the theme of our article. Each of the 
three sections (ions, molecules, and 
macromolecules) was illustrated with a 
typical piece of research; we chose ex- 
amples from our own researches about 
which we were naturally best informed 
and for which we had illustrative ma- 
terial. For that reason we cited neither 
the many researches which support the 
boron concept nor those which did not. 


Although a discussion of the pros 
and cons of the Gauch-Dugger concept 
would have been irrelevant, the ques- 
tion of evidence against that concept 
has been raised by Mcllrath and thus 
deserves comment. The junior author 
(Gauch) assumes responsibility for 
evaluating this question and does not 
accept the evidence against the Gauch- 
Dugger hypothesis presented by Mc- 
Ilrath and his co-workers and that of 
certain of the papers cited by Mcllrath. 
He recognizes this difference of opinion 
as honest and healthy for science. Un- 
fortunately it is impossible to present 
in this space his objections to MclIlrath’s 
experimental procedures and to the use 
of boron-sufficient plants showing 
boron-toxicity symptoms [W. J. Mc- 
Ilrath and B. F. Palser, Botan. Gaz. 
118, 49 (1956); B. F. Palser and W. J. 
Mcllrath, Botan. Gaz. 118, 53 (1956)] 
as the controls by which the perfor- 
mance of boron-deficient plants was 
evaluated and the validity of the 
Gauch-Dugger concept was questioned. 
Lastly, for the sake of the record and 
for the nonspecialist, it should be added 
that there are recent papers which sup- 
port the Gauch-Dugger hypothesis. 

We regret that the intent of the 
article and our handling of it caused 
misunderstanding. We trust that we 
have hereby clarified our intent and 
that we have explained why we handled 
this admittedly broad topic the way we 
did. 

J. W. MITCHELL 

I. R. SCHNEIDER 
Crops Research Division, 
U.S. Agricultural Research Service, 
Beltsville, Maryland 

H. G. Gaucu 

Department of Botany, University 
of Maryland, College Park 
8 August 1960 
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Association Affairs 


Election of AAAS Officers 


The AAAS Committee on Nomina- 
tions and Elections met on 19 August 
to select candidates for the offices of 
president-elect and members of the 
Board of Directors. After considering 
suggestions received from Council 
members by mail ballot, the commit- 
tee nominated the following persons: 


President-elect (one to be elected) 
Paul M. Gross 
William W. Rubey 


Members of the Board of Directors 
(three to be elected) 

Theodore C. Byerly 

Henry Eyring 

Don K. Price 

Mina S. Rees 

William C. Steere 

Alan T. Waterman 


Ordinarily there are only two va- 
cancies to be filled on the Board of 
Directors, but this year, in addition to 
two members to be elected for regular 
four-year terms, the Council will elect 
a third member to complete an unex- 
pired term of one year. 

The Board members whose terms ex- 
pire at the end of 1960 are Don K. 


Paul M. Gross 


Price, Mina S. Rees, and Alan Water- 
man. Dr. Waterman is completing a 
full term. Drs. Price and Rees, who 
have served for two and three years, 
respectively, were elected to fill vacan- 
cies on the Board. 

Election procedures established by 
the Council provide that additional 
candidates for any of the elective of- 
fices may be nominated and included 
on the ballot by a petition signed by 
no fewer than 30 members of. the 
Council and submitted to the executive 
officer no later than 1 November. 

Council members will receive ballots 
for election by preferential mail vote 
by 10 November. The results of the 
election will be announced on 27 De- 
cember at the Association’s 1960 an- 
nual meeting in New York. Biographi- 
cal data concerning each of the 
candidates follow. 


Paul M. Gross 


Paul M. Gross, 65 (chemistry), in- 
structor in chemistry, College of the 
City of New York, 1916-18; assistant 
professor, Trinity College, 1919-20, 
professor, 1920-24; professor, Duke 
University, 1925-, chairman of the de- 
partment, 1926-49, dean of the gradu- 
ate school, 1947-52, vice president, 
1949-60, dean of the university, 1952— 


William W. Rubey 


58; president, Oak Ridge Institute of 
Nuclear Studies, 1949-; president, 
Council of Southern Universities, 1952- 
53; treasurer, 1953—; member, National 
Science Board, 1950-—; vice chairman, 
National Science Foundation, 1955-; 
member, Picatinny Arsenal Advisory 
Council, 1950—; member, Ordnance 
Corps Advisory Committee, 1958; 
member, National Cancer Advisory 
Council, National Cancer Institute, 
1959-; chairman, Senior Scientists 
Steering Group, Office of Ordnance 
Research, 1958—; awarded Herty Medal, 
1945; President’s Medal of Merit, 1948; 
Townsend Harris Medal, 1953; Hon- 
orary Commander, Order of British 
Empire, 1958. 

AAAS activities: member, Board of 
Directors, 1955-58; member, Commit- 
tee on Publications, 1957-58. 


William W. Rubey 


William W. Rubey, 61 (geology), 
instructor in geology, Yale University, 
1922-24; geologic aide to principal 
geologist, U.S. Geological Survey, 
1920-44, geologist in charge, division 
of areal geology and basic sciences, 
1944-47, research geologist, 1947-60; 
professor of geology and geophysics, 
University of California (Los Angeles), 
1960-; chairman, division of geology 
and geography, National Research 
Council, 1943-46, general chairman, 
1951-54; president, Geological Society 
of America, 1949-50; vice president, 
American Geological Institute, 1950- 
51 and 1958-59; member, National 
Science Board, 1960—; member, Board 
of Directors, Geochemical Society, 
1955-57; councillor, American Philo- 
sophical Society, 1956-59; visiting pro- 
fessor of geology, Institute of Geo- 
physics, University of California (Los 
Angeles), 1954, California Institute of 
Technology, 1955, Johns Hopkins Uni- 
versity, 1956. 

AAAS activities: member, Board of 
Directors, 1957-; member, Committee 
on Section E, 1939-42; member, New- 
comb Cleveland Prize Committee, 
1951, 1958, and 1959; representative 
on Science Service Board of Directors, 
1956—; member, Executive Committee, 
1958-59. 


Theodore C. Byerly 


Theodore C. Byerly, 58 (physiolo- 
gy), instructor in zoology, University 
of Michigan, 1926-28, Hunter College, 
1928-29; physiologist and later senior 
poultry husbandman, Bureau of Animal 
Industry, U.S. Department of Agricul- 
ture, 1929-37, chief, poultry husbandry 
investigations, 1941-47, head, animal 
husbandry division, 1947-53; professor 
of poultry husbandry, University of 
Maryland, 1937-41; chief, animal and 
poultry husbandry research branch, 
Agricultural Research Service, 1953- 
55, assistant director of livestock re- 
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Henry Eyring 


Don K. Price 
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search, 1955-57, deputy administrator 
for farm research, 1957-; received 
Borden Award, 1943. 

AAAS activities: Council member, 
1957-59; member, Committee on the 
Social Aspects of Science, 1957-58; 
member, Committee on Science in the 
Promotion of Human Welfare, 1959-. 


Henry Eyring 

Henry Eyring, 59 (chemistry), in- 
structor in chemistry, University of 
Arizona, 1924-25; teaching fellow, 
University of California, 1925-27; in- 
structor, University of Wisconsin, 
1927-28, research associate, 1928-29; 
lecturer, University of California, 
1930-31; research associate, Princeton 
University, 1931-36, associate profes- 
sor, 1936-38, professor, 1938-46; dean 
of the graduate school, University of 
Utah, 1946-; director of fundamental 
research, Textile Foundation, Textile 
Research Institute, 1944-46; awarded 
AAAS Newcomb Cleveland Prize, 
1932; Research Corporation Award, 
1949, 

AAAS activities: vice president and 
chairman, Section C, 1945-46; presi- 
dent, Pacific Division, 1959. 


Don K. Price 


Don K. Price, 50 (political science), 
research assistant, Home Owners’ Loan 
Corporation, 1935-37; staff member, 
committee on public administration, 
Social Science Research Council, 1937— 
39; editorial associate, Public Adminis- 
tration Clearing House, 1939-41, as- 
sistant director, 1941-43, associate di- 
rector, 1946-53; staff member, U.S. 
Bureau of the Budget, 1945-46; deputy 
chairman, Research and Development 
Board, U.S. Department of Defense, 
1952-53; lecturer, political science, 
University of Chicago, 1946-53; as- 
sociate director, Foundation, 
1953-54, vice president, 1954-58; dean, 
Graduate School of Public Administra- 
tion, Harvard University, 1958-; as- 
sistant to Herbert Hoover, Study of the 
U.S. Presidency, 1947-48; member, 
Board of Directors, Social Science Re- 
search Council, 1949-52: staff director, 
Committee on Department of Defense 
Organization, 1953. 

AAAS activities: member, Board of 
Directors, 1959-60. 


Mina S. Rees 


Mina S. Rees, 58 (mathematics), in- 
structor, Hunter College, 1926-32, as- 
sistant professor, 1932-40, associate 
professor, 1940-50, professor and dean 
of faculty, 1953-; technical aide, ad- 
ministrative assistant to chief of applied 
mathematics panel, Office of Scientific 
Research and Development, 1943-46; 
head, mathematics branch, Office of 


Naval Research, 1946-49, director, 


mathematical sciences division, 1949— 
52, deputy science director, 1952-53; 


Mina S. Rees 


William C. Steere 


Alan T. Waterman 


Theodore C. Byerly 
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WATER FOR INDUSTRY 
Jack B. Graham and 
Meredith F. Burrill, Eds. 

AAAS Symposium Volume No. 45 


CONTENTS 
The Available Water Supply 
Water Requirements 
Geographic Distribution of Manufactur- 


ing 

Water and Steel: Fairless Works Water 
Supply 

The Treatment and Disposal of Wastes 


in the Atomic Energy Industry 
Water Supply and Waste Disposal Re- 
quirements for Industry 


Antipollution Legislation and Technical 
Problems in Water Pollution Abate- 
ment 


Correction of a Fluviatile Delinquent: 
The Schuylkill River 


Water in the Future 
Discussion 


6 x 9 in., 141 pages, 18 illus., index, 
cloth, 1956, $3.75. AAAS members’ 
cash price, $3.25. 

British Agents: rnd Bros. & Swinfen, Ltd. 


yde House, W. Central St. 
London W.C.1, England 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


HERE'S A QUALITY 
UDENT MICROSCOPE 


AT A BUDGET PRICE! 


Although budget priced, the 

UNITRON Model MUS is definitely 

not just another student microscope. 

It includes these significant features 

often lacking in much more costly 

student models: 

© NOT JUST a disk diaphragm... 
but an iris diaphragm for perfect 
control of aperture. 

e NOT JUST a single focusing con- 
trol... but both coarse and fine. 

NOT JUST a mirror... but a 
condenser for optimum illumina- 
tion and resolution. 

© NOT JUST one objective... but 
three: 5X, 10X, 40X. 

NOT JUST one eyepiece... buta 
choice of two from 5X, 10X, 15X. 

Durable, sturdy — ideally suited 

to withstand the use and abuse of 

classroom and laboratory. 


$6 6°° 


F. 0. B. Destination 


ASK FOR A FREE 10 DAY TRIAL 


Quantity discounts start at 2 — only $65.12 for 11 — 24 units 


UN/ TRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET « BOSTON 9, MASS. 


Please rush UNITRON's Microscope Catalog 4G.5 
Name. 


Company. 


Address 


City. State. 


902 
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member, Mathematics Policy Commit- 
tee, 1952-53; member, mathematics 
division, National Research Council, 
1953-56, executive committee, 1954— 
56; member, general sciences advisory 
panel, Department of Defense, 1957-; 
member, advisory commission for 
mathematics, National Bureau of Stand- 
ards, 1954-60, chairman, 1954—57; 
member, advisory panel for mathemati- 
cal sciences, National Science Founda- 
tion, 1955-58; member, Council, New 
York Academy of Sciences, 1956-59; 
member, Conference Board of the 
Mathematical Sciences, 1960-. 

AAAS activities: vice president and 
chairman, Section A, 1954; member, 
Board of Directors, 1958-60. 


William C. Steere 


William C. Steere, 53 (botany), in- 
structor in biology, Temple University, 
1929-31; instructor in botany, Univer- 
sity of Michigan, 1931-36, assistant 
professor, 1936-42, associate professor, 
1942-46, professor, 1946-50, chairman 
of the department, 1947-50; professor 
of biology, Stanford University, 1950- 
58, dean of the graduate division, 
1955-58; director, New York Botanical 
Garden, 1958-; professor of botany, 
Columbia University, 1958-; exchange 
professor, University of Puerto Rico, 
1939-40; senior botanist, U.S. Board 
of Economic Warfare Cinchona Mis- 
sions, Colombia, 1942-43, Ecuador, 
1943-44; senior botanist, Alaska Ter- 
rain and Permafrost Section, U.S. Geo- 
logical Survey, 1949-54; program di- 
rector, systematic biology, National 
Science Foundation, 1954-55; presi- 
dent, American Bryological Society, 
1936-37; president, American Society 
of Naturalists, 1957-58; president, 
Botanical Society of America, 1959; 
president, American Society of Plant 
Taxonomists, 1959; editor-in-chief, The 
Bryologist, 1938-54; editor, American 
Journal of Botany, 1953-57. 

AAAS activities: vice president and 
chairman, Section G, 1948; member. 
Committee on AAAS Meetings, 1959-; 
committeeman-at-large, Section G, 
1959-., 


Alan T. Waterman 


Alan T. Waterman, 68 (physics), 
instructor in physics, University of 
Cincinnati, 1916-17; Yale University, 
1919-23, assistant professor, 1923-30, 
associate professor, 1931-48; vice chair- 
man, division D, National Defense Re- 
search Committee, 1942-43; deputy 
chief, office field service, Office of Sci- 
entific Research and Development, 
1943-45, chief, 1945-46; chief sci- 
entist, planning division, Office of Re- 
search and Inventions, 1946; deputy 
chief and chief scientist, Office of 
Naval Research, 1947-51; director, 
National Science Foundation, 1951-; 
member, Editorial Board, American 


Journal of Science; awarded Presiden- 
tial Medal for Merit, 1948; first annual 
Captain Robert Dexter Conrad Award 
by the Office of Naval Research, 1957; 
Public Welfare Medal of the National 
Academy of Sciences, 1960. 

AAAS activities: vice president and 
chairman, Section B, 1955; member, 
Board of Directors, 1957-60. 


Forthcoming Events 
October 


19-20. American Geophysical Union, 
Moscow, Idaho. (W. E. Smith, 1515 Mas- 
sachusetts Ave., NW, Washingten 5, D.C.) 

19-21. Design of Experiments, 6th 
conf. (by invitation only), Aberdeen 
Proving Ground, Md. (F. G. Dressel, Of- 
fice of Ordnance Research, Box CM, 
Duke Station, Durham, N.C.) 

19-21. Space Navigation, symp., Co- 
lumbus, Ohio. (Institute of Radio Engi- 
neers, 1 E. 79 St., New York 21) 

20-21. Hypervelocity, symp., Denver, 
Colo. (R. R. Dexter, IAS, 2 E. 64 St, 
New York 21) 

20-22. Acoustical Soc. of America, 
San Francisco, Calif. (V. Salmon, Stan- 
ford Research Institute, Menlo Park, 
Calif.) 

20-22. Institute of Management Sci- 
ences, 7th intern., New York, N.Y. (J. 
Townsend, IMS, 30 E. 42 St., New York 
17) 

21-22. Association of Midwestern Col- 
lege Biology Teachers, 4th annual, Man- 
kato, Minn. (L. Zell, Mankato State Col- 
lege, Mankato, Minn.) 

21-22. Research Approaches to Psy- 
chiatric’ Problems, symp., Galesburg, IIl. 
(T. T. Tourlentes, Galesburg State Re- 
search Hospital, Galesburg) 

21-23. American College of Cardiology, 
St. Louis, Mo. (G. F. Greco, 114-08 Lin- 
den Blvd., Ozone Park 16, N.Y.) 

21-25. American Heart Assoc., annual, 
St. Louis, Mo. (AHA, 44 E. 23 St., New 
York 10) 

22. Midwest Solid State Conf., 8th an- 
nual, Lincoln, Neb. (J. W. Weymouth, 
Physics Dept., Univ. of Nebraska, Lin- 
coln) 

23-26. American College of Gastro- 
enterology, Philadelphia, Pa. (D. Weiss, 
33 W. 60 St., New York 23) 

24-26. Medical and Biological Aspects 
of the Energies of Space, symp. (School of 
Aviation Medicine--USAF Aerospace Medi- 
cal Center), San Antonio, Tex. (J. Har- 
mon, Symposium Coordinator, Southwest 
Research Inst., P.O. Box 2296, San An- 


tonio 6) 

24-27. Hot Atom Effects, symp., 
Prague, Czechoslovakia. (International 
Atomic Energy Agency, 11 Karntner 
Ring, Vienna 1, Austria) 

25-27. American Standards Assoc., 


natl. conf., New York, N.Y. (G. F. Hus- 
sey, Jr., AST, 70 E. 45 St., New York 17) 

26-28. Animal Care Panel, 11th annual, 
St. Louis, Mo. (ACP, P.O. Box 299, Le- 
mont, IIl.) 

26-28. Society for Industrial Microbi- 
ology, Conf. on Antimicrobial Agents, 
Washington, D.C. (SIM, 2000 P St., NW, 
Washington 6) 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS New York Meeting 
by first class mail — early in December 


The General Program of the 127th Meeting of the AAAS in New York, 26-31 December 
1960, will be available to you, at cost, within the first week in December—whether you can attend 


the Meeting or not. 


Program Content 


1. The two-session AAAS General Symposium, “Moving 
Frontiers of Science V’—Speakers: Edward Anders, 
H. W. Magoun, George Wald, and H. H. Goldstine; 
Thomas Park, presiding. 


. The “Challenge to Science” evening with Sir Charles P. 
Snow, Theodore M. Hesburgh, and W. O. Baker; War- 
ren Weaver, presiding. 


. On “AAAS Day,” the three broad, interdisciplinary sym- 
posia—Plasma: Fourth State of Matter; Life under Ex- 
treme Conditions; and Urban Renewal and Develop- 
ment, arranged by AAAS Sections jointly. 


4. The Special Sessions: AAAS Presidential Address and 
Reception; Joint Address of Sigma Xi and Phi Beta 
Kappa by Polykarp Kusch; the Tau Beta Pi Address; 
National Geographic Society Illustrated Lecture; and the 
first George Sarton Memorial Address by René Dubos. 


Society of Systematic Zoology, and the Society of the 
Sigma Xi. 

7. The multi-sessioned special programs of the American 
Association of Clinical Chemists, American Astronauti- 
cal Society, American Geophysical Union, American 
Physiological Society, American Psychiatric Association, 
American Society of Criminology, Association of Ameri- 
can Geographers, Ecological Society of America, Myco- 
logical Society of America, National Science Teachers 
Association, New York Academy of Sciences—and still 
others, a total of some 90 participating organizations. 

8. The four-session program of the Conference on Scien- 
tific Communication: The Sciences in Communist 
China, cosponsored by the AAAS, NSF, and ten so- 
cieties. 

9. The sessions of the Academy Conference, the Confer- 
ence on Scientific Manpower, and the conference of 


the American Council on Women in Science. 

. The programs of all 18 AAAS Sections (specialized sym- 10. The sessions of the AAAS Cooperative Committee on 
posia and contributed papers) . the Teaching of Science and Mathematics, and of the 

. The programs of the national meetings of the American AAAS Committee on Science in the Promotion of Hu- 
Astronomical Society, American Nature Study Society, man Welfare. : Le eS 
American Society of Zoologists, History of Science So- 11. Titles of the latest foreign and domestic scientific films 
ciety, National Association of Biology Teachers, Scientific to be shown in the AAAS Science Theatre. 
Research Society of America, Sigma Delta Epsilon, So- 12. Exhibitors in the 1960 Annual Exposition of Science 
ciety for General Systems Research, Society for the Study and Industry—103 booths—and descriptions of their ex- 
of Evolution, Society for the History of Technology, hibits. 


or 


=> 


Advance Registration 
Advance registration has these decided advantages: (1) You avoid delay at the Registration Center upon arrival; (2) 
You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 
The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


TH © IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM 


la. Enclosed is $3.40 { « my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 


lb. O Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 


Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(check la or Ib) 


2. FULL NAME (Dr., Miss, etc.) 


(Please print or typewrite) (Last) (First) (initial) 
3. ACADEMIC, PROFESSIONAL, OR 
(For receipt of General Program) 


(May be added later, after arrival) 
Please mail this Coupon and your check or money order for the total amount to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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27-28. Cellulose Conf., 3rd, Syracuse, 


N.Y. (Cellulose Research Inst., State 
Univ. College of Forestry, Syracuse 
Univ., Syracuse 10) 


27-28. Electron Devices, 6th annual, 
Washington, D.C. (J. Hornbeck, Bell Tele- 
phone Labs., Murray Hill, N.J.) 

27-29. American Soc. for Aesthetics, 
Brooklyn, N.Y. (J. R. Johnson, Cleveland 
Museum of Art, Cleveland 6, Ohio) 

27-29. International Assoc. of Milk 
and Food Sanitarians, Chicago, Ill. (V. 
T. Foley, Kansas City, Missouri, Health 
Dept., 21st Floor, City Hall, Kansas 
City, Mo.) 

28-29. Society for the Scientific Study 
of Religion, 20th, New York, N.Y. (W. H. 
Clark, Hartford School of Religious Edu- 
cation, Hartford 5, Conn.) 

29-3. Photoelasticity, intern. symp., 
Chicago, Ill. (P. D. Flynn, ISP, Illinois 
Inst. of Technology, Chicago 16) 

31-2. Association of Military Surgeons 
of the U.S., Washington, D.C. (R. E. Bit- 
ner, Suite 718, New Medical Bldg., 1726 
Eye St., NW, Washington) 

31-2. Electrical Techniques in Medi- 
cine and Biology, 13th annual conf., 
Washington, D.C. (G. N. Webb, Room 
547, CSB, Johns Hopkins Hospital, Balti- 
more 5, Md.) 

31-2. Geochemical Soc., Denver, Colo. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford Univ., Stanford, Calif.) 

31-2. Geological Soc. of America, 
Denver, Colo. (F. Betz, Jr., 419 W. 117 
St., New York 27) 

31-2. Society of Economic Geologists, 
Denver, Colo. (H. M. Bannerman, U.S. 


Geological Survey, Washington 25, D.C.) 
31-2. Society of Rheology, annual, 
Pittsburgh, Pa. (J. H. Dillon, Textile Re- 
search Inst., Princeton, N.J.) 
31-4. American Public Health Assoc., 
San Francisco, Calif. (B. F. Mattison, 
APHA, 1790 Broadway, New York 19) 


November 


1-3. International Cong. on Experiment- 
al Mechanics, New York, N.Y. (R. Guern- 
sey, Jr., Soc. of Experimental Stress 
Analysis, General Engineering Lab., Gen- 
eral Electric Co., Schenectady 5, N.Y.) 

J-16. International Electrochemical 
Commission, New Delhi, India. (American 
Standards Assoc., 70 E. 45 St., New York 
17) 

2-4. Plasma Physics, 2nd annual, 
Gatlinburg, Tenn. (A. H. Snell, Oak Ridge 
Natl. Lab., Oak Ridge, Tenn.) 

2-4. Society for Experimental Stress 
Analysis, Berkeley, Calif. (W. W. Mur- 
ray, Massachusetts Inst. of Technology, 
Cambridge) 

2-5. American Soc. of Parasitologists, 
Los Angeles, Calif. (F. J. Kruidenier, 
Zoology Dept., Univ. of Illinois, Urbana) 

2-5. American Soc. of Tropical Medi- 
cine and Hygiene, Los Angeles, Calif. (R. 
B. Hill, 3573 St. Gaudens Rd., Miami 33, 
Fla.) 

2-5. American Speech and Hearing 
Assoc., Los Angeles, Calif. (K. O. John- 
son, 1001 Connecticut Ave., NW, Wash- 
ington 6) 

3-4. Electrostatic Propulsion, conf., 
Monterey, Calif. (J. M. Sellen, Thompson 


Ramo-Wooldridge, Inc., 8433 Fallbrook 
Ave., Canoga Park, Calif.) 

3-4, Muscle as a Tissue, conf., Philadel. 
phia, Pa. (Division of Research, Lankenau 
Hospital, Philadelphia 31) 

4-5, West-Central States Biochemical 
Conf., Lincoln, Neb. (J. H. Pazur, Dept. 
of Biochemistry and Nutrition, Univ. of 
Nebraska, Lincoln) 

4-6. Assoc. of Clinical Scientists, Wash- 
ington, D.C. (R. P. MacFate, 54 W. Hub- 
bard St., Chicago 10, Ill.) 

5. Society for Industrial and Applied 
Mathematics, Philadelphia, Pa. (G. Kas- 
key, Remington Rand Univac, 1900 W. 
Allegheny Ave., Philadelphia) 

7-10. Society of Exploration Geophys- 
icists, 30th annual intern., Galveston, Tex. 
(C. C. Campbell, Box 1536, Tulsa, Okla.) 

8-10. Forensic Sciences, 2nd symp., 
Washington, D.C. (Director, Armed 
Forces Inst. of Pathology, Washington 25) 

9-10. Use of Secondary Surfaces for 
Heat Transfer with Clean Gases, symp., 
London, England. (Secretary, Institution 
of Mechanical Engineers, 1 Birdcage 
Walk, London, S.W.1) 

9-11. Clinical Chemistry Methods, 
symp., Cleveland, Ohio. (A. Hainline, 
Cleveland Clinic, 2020 E. 93 St., Cleve- 
land 6) 

10-12. Geological Soc. of America, 
73rd conv., Denver, Colo. (H. R. Aldrich, 
GSA, 419 W. 117 St., New York 27) 

10-12. National Assoc. of Geology 
Teachers, Denver, Colo. (F. Foote, Dept. 
of Geology, Williams College, Williams- 
town, Mass.) 

(See issue of 16 September for comprehensive list.) 


 PHOTOVOLT 
EXPOSURE 
PHOTOMETER 


for 


95 Madison Ave. 


PHOTOMICROGRAPHY 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $12 5.00 ts 
PHOTOVOLT CORP. 


New York 16, N. Y. 


Tanner 


WATER AND AGRICULTURE 


A symposium presented at the AAAS 
Washington Meeting, 
December 1958. Published June 1960. 


Roy D. Hockensmith, Editor 
6 x 9, 206 pp., 21 illus., cloth 
$5.00 AAAS members’ cash orders, $4.50 


Water for the future: E. A. Ackerman, C. A. 
Davis, C. B. Brown, and R. L. Nace 


Water sources: W. C. Ackermann, H. T. Orville, 
C. H. M. Van Bavel, and G. L. Barger 


Water planning and use: C. H. Wadleigh, H. C. 
Storey, W. D. Criddle,-and W. |. Palmer 


Water control: T. W. Edminster, F. L. Timmons, 
D. L. Klingman, G. E. Harbeck, Jr., and C. B. 


British agents: oatey Bros. & Swinfen, Ltd. 


American Association for the 
Advancement of Science 
1515 Massachusetts Avenue, NW 


CONTENTS 


yde House, West Central Street 
London, W.C.1 


Washington 5, D.C. 


SCIENCE, VOL. 132 


Pra 


A. 
= 
Phi 
Ne 
4 A. 
= Th 
Pri 
s 
| 
: 
| 
| 
| 
i 
} 
} 
| 
| 
| 
| 

| 

% 

904 


de. SPRINGER-VERLAG IN WIEN 


rical MIKROCHIMICA ACTA 


of 

Editorial Board: 
lash 


Tub. A. A, Benedetti-Pichler, New York, G. Blix, Uppsala, 
C. Duval, Paris, F. Feigl, Rio de Janeiro, J. Heyrovsky, 
plied Praha, P. L. Kirk, Berkeley, H. Lieb, Graz, R. Strebinger, 
Kas- Wien, C. L. Wilson, Belfast, M. K. Zacherl, Wien. 
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SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 
Klett Manufacturing Co. 
| 179 East 87 Street, New York, New York 
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“DIRECT READING... 
VERNIERS ON 


VDF 


TORQUE BALANCES 


VDF Micro Torque Balances are widely used in science and 
industry for repetitive weighings of small samples. These 
balances are extremely fast, yet accurate and simple to oper- 
ate. Service requirements are negligible due to the absence 
of moving parts, bearings, springs and other complicated 
mechanisms. Select from 14 different models; all at surpris- 
ingly low, economy prices. 


SPECIAL FEATURES: 
No bearings—no friction 
© Combined torsion/suspension wire 
e No delay in reading, oscillation stops instantly 
© Direct reading, no reading errors 
© No fatigue, dial at eye level is adjustable 
@ No parallax—special straight view pointer 
© Considerable overload tolerance 


For descriptive literature write for Bulletin 66 


BRINKMAN 


INSTRUMENTS, INC. 


115 Cutter Mill Road, Great Neck, N.Y. 
Philadelphia « Cleveland * Houston * Miami « Menlo Park, Cal. 
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PERSONNEL PLACEMENT 


POSITIONS OPEN 


CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 

COPY for ads must reach SCIENCE 2 weeks 
—— date of issue (Friday of every 
week), 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Weekly invoices will be sent on 
a charge basis—provided that satisfactory 
credit is established. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSTTIONS WANTED iil 


Bacteriologist, Ph.D., strong background in re- 
search, teaching and administration. Desires pro- 
fessorship and/or head of department. Box 183, 
SCIENCE x 


Clinical Bacteriologist, M.S.; 4 years’ experience 
as department supervisor. Strong biochemistry 
background with lipid chemistry specialty. De- 
sires responsible position with research oppor- 
tunities. Box 182, SCIENCE. x 


(a) Endocrinology Ph.D., physiology minor; 8 
years with pharmaceutical firm including 4 years 
in product research and development as section 
head; available for administrative appointment. 
(b) Microbiology, Ph.D. 1961; biochemistry minor; 
special training in radioactive techniques, tissue 
culture, enzymes, and virology; desires research 
position. S9-5 Medical Bureau, Inc., Science Divi- 
sion, Burneice Larson, Chairman of the | 
900 North Michigan Avenue, Chicago. 


POStTIONS OPEN 
ANATOMIST 


to teach gross anatomy in medical school. 
Rank and salary to be arranged. 


Box 185, SCIENCE 


(a) Energy Cost-Pulmonary Function Research 
Scientist for active research program at univer- 
sity rehabilitation unit; East. (b) Product Man- 
ager of new laundering agent for hospitals; will 
direct roy me appoint brokers, handle liaison 
duties; $15,000-$20,000 up. (c) Research Micro- 
biologist for epidemiology of human virus dis- 
ease research; Ph.D. or M.D. for university pre- 
ventive medicine division; $6000-$10,000; South. 
(d) Pharmacology/Physiology Instructor or As- 
sistant Professor for teaching; ample research 
time and facilities at state medical school; $6500- 
$8800; South. (e) Production Bacteriologist to su- 
pervise department of biological products, de- 
velop new methods, liaison duties for expanding 
drug firm; $8000-$10, up; Midwest. (f) His- 
tology Research Assistant for endocrinology 
studies at university agricultural experimental sta- 
tion; $6500: Midwest. (g) Physiology Faculty Ap- 
pointments all levels at medical school; $5000- 
$10,000; East. (h) Medical Director for hospital 
and research activities; M.D. or .D. in bio- 
chemistry or physiology; teaching at affiliated uni- 
versity if desired; Midwest. (i) Organic Chemist 
able to develop new unit for basic research on 
polyamino acids and synthesis at important re- 
search center; teaching at university if desired; 
$8000-$10,000; South. (j) Pharmacologist for re- 
search and development of new “a for leading 
pharmaceutical firm; Midwest. (k) Biochemist/Im- 
munologist to supervise allergy research prosram 
conduct ee ent studies at 600-bed hospital; 
8000-$10,000; East. (Please write for details; 
also many other positions available through our 
nationwide service) S9-5 Medical Bureau, Inc. 
Science Division, Burneice Larson, airman o 
the Board, 900 North Michigan Avenue, es 


OPEN 


BIOCHEMIST 


Ph.D. Protein chemistry experience, initia- 
tive essential. Independent basic research 
project. Salary open. Write J. N. Sandman, 
c/o Deborah Hospital, 901 Walnut Street, 
Philadelphia, Pa., or call HObart 1-0953 
in Riverside, New Jersey. 


CHEMIST 

Experienced in drug analyses. Able to apply 
modern physical methods. Willing to work at 
bench and assume supervision of others. Long- 
established independent laboratory, _central 
Philadelphia. State training and experience. Im- 
mediate opening, starting date may be as late 
as 1 November. Replies confidential until after 
personal interview. 


Box 179, SCIENCE 


(a) Chief Bacteriologist, Ph.D. or equivalent to 
head bacteriology, parasitology, serology; full 
administrative responsibility, section employs five; 
450-bed general teaching hospital; to $9000; East. 
(b) Bacteriologist, B.S. minimum, 2 years’ 


UNIVERSITY OF SYDNEY 
Applications are invited for a Lectureship/Senior 
Lectureship in Zoology. Appointee will be en. 
gaged in research and teaching, teaching duties 
to be fitted wherever possible to his interests, 
Salary for Lecturer within range £1730 X 105- 

£2435 (Australian) per annum, for Senior Lec. 
turer within. range £2550 x 95-£3000 (Austra- 
lian) per annum, grade of souclanannt and com- 
mencing salary within these ranges depending on 
qualifications and experience. Further informa- 
tion obtainable from the Registrar, University of 
ty Sydney, Australia. Applications close 

1 October 1960. 


The Market Place 


BOOKS SERVICES SUPPLIES EQUIPMENT 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
—— files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


experience; active laboratory 275-bed. general hos- 
pital; to $5400; important southwestern college 
city. Science Division, Woodward Medical Bureau, 
Ann Woodward, Director, 185 North Wabash. 
Chicago. xX 


FOOD CHEMIST 


A large, expanding food processing company 
located in Northern New Jersey, has an im- 
mediate opening for a recent B.S. or M.S. 
graduate in Microbiology & Biochemistry to 
assist in basic research program. Some in- 
dustrial experience in the above is desirable. 
Salary commensurate with and 
experience. Liberal fringe benefits; 35-hour 


week. Send résumé stating age, qualifications 
and salary desired to: 


Box 186, SCIENCE 


Histologist. Immediate appointment in May Insti- 
tute of Medical Research, some previous expe- 
rience required—tissue preparation and participa- 
tion in activities of group engaged in medical re- 
search. Permanent position; 40-hour week; liberal 
benefit program. Write Mrs. M. Giller, Assistant 
Personnel anager, Jewish Hospital, Tray 
Ohio. 9/16; 9/30 


Ph.D.—ENDOCRINOLOGIST 


Mature investigator needed to head biological 
group concerned particularly with steroidal re- 
search leading to possible new therapeutic agents. 
Unusual opportunity in a modern industrial lab- 
oratory in academic environment. Research ex- 
perience in endocrine field required. Supervisory 
experience desirable but not necessary. Write 
sending personal résumé, including bibliography 
of publications, to: 


Technical Personnel Manager 
Parke, Davis & Company 
Ann Arbor, Michigan 


Representative Wanted in your territory. From 
your desk you can earn a substantial addition to 
your income. Only written contacts with your 
clients! Write for particulars and further details 
to Karl Kuehne Publishing Co. 
Kiihne), Vienna 66, P.O.B. 128, 

10/28; 13/30 


RESEARCH ASSISTANT, B.S. or higher. Con- 
scientious person with good college record in 
chemistry and willingness to learn. Desired for 
work on the central nervous system employing 
biochemical and biophysical techniques. Salary 
consistent with training and experience. Midwest- 
ern university. 


Box 186, SCIENCE 


LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaAWacLt & HARRISSON 
Div. $. 1921 Walnut St., Philadelphia 3, Pa. LO 3-4322 


SUPPLIES AND EQUIPMENT 
¢ HYPOPHYSECTOMIZED RATS 


— to all points via Air Express 
or further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 239, Ill. 


YOU NEED THIS FREE 


CATALOG FOR YOUR FILES Aaa 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 © Denver 16, Colo. 


Now taking orders for: 


AKR > STRONG A 
(CsH x 101) FA 


TEXAS INBRED MICE CO. 
305 Almeda-Genoa Rd.; R.F:D. 7, Box 1232-C 
Houston 21, Texas 


Do You Need: 
Cellex Cellulose Ion 
Exchang 


ers? 


(For fravtionation of proteins, nucleic acids, and enzymes) 
ASK FOR PRICE LIST SCX 


Laboratorics- 


32nd & GRIFFIN AVE. « RICHMOND, CALIFORNIA 


ALBINO RATS 


The ultimate in Uniform, Healthy, Experimental rats 
—Produced by those best qualified— 


VETERINARIANS 


For price list and descriptive brochure—phone ot 


Badger Research Corporation 
AL 6-6064 P. O. Box 527, Madison 1, Wis. 
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DECISION MAKING NOW FOR 
= through operations research 


Operations research at ORO adds new dimensions to military 
tactics and strategy. Combining the diverse backgrounds of 
individuals representing more than thirty different disciplines, 
the Operations Research Office of the Johns Hopkins University 
employs modern scientific methodology on a mixed team basis in 
the solution of world-wide military problems in advanced and 
pioneering applications. The result: improved operational 
readiness and a better national military posture. 


This calls for non-routine thinking about the broad spectrum 
of problems posed by the future demands of the modern Army. 
The areas of interest include strategy, war probabilities, tactics, 
logistics, intelligence, and air defense. 


Scientists and engineers who wish to tackle operational problems 
of unusual scope and diversity are invited to join ORO. 
You wi'l find the professional atmosphere of our organization 


conducive to creative thinking, and you will work with 

colleagues who have earned a national reputation as leaders 
in their fields. 

co. Address your inquiry to 

232-0 John G. Burke, Research Personnel Officer. 

zymes) 

ORNIA 

- OPERATIONS RESEARCH OFFICE / The Johns Hopkins University 

phone o 6935 Arlington Road « Bethesda 14, Maryland 


| 
enior 
luties 
MENT 
= 
husetts 
nm 
Wis. 
VOL. 132 


RESEARCH QUALITY 


Labelled Compounds 


More than 400 C-14, P-32, $-35, and labelled 
compounds, high intensity beta and gamma sources, 
radioactivity standards and radionuclide kits are described 
in our new Radiochemical Price Schedule F. If you have 
not received your copy, please send us acard 

or letter asking for it. 


nuclear-chicago 
®coRPORATION 
337 E. Howard Avenue + Des Plaines, Illinois 
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